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PREFACE 


This manual was written at the request of the Colloid Com- 
mittee of the National Research Council 

Most of the experiments have been tested in the laboratory 
course given at Oberlm for the past six years, while others have 
been contributed by the leading colloid chemists of this country 
There has long been need of a suitable laboratory manual 
to advance the teaching of colloid chemistiy, and for lack of such a 
book instruction has lagged Lecture courses in plenty are given 
at various universities, but m veiy few institutions is there a 
real laboratory course in the subject It is the laboratory method 
of instruction that has advanced science so wonderfully in the last 
half century, obviously, instruction m colloids must develop in 
the same way 

The geneial interest in the subject grows apace. Not only 
theoretical chemists but mdustrial men as well are expressing the 
belief that a gieat many of their problems are colloidal. Hun- 
dreds of able chemists would study colloid chemistry in their 
private laboratoiies if a seK-teachmg manual were available. To 
meet this demand this manual offers a large amount of text mate- 
rial in the way of comment and explanation The carefully 
selected references for collateral reading will guide the experi- 
menter and enable him to puisue his studies with a mmimum of 
wasted effoit It is, as the author Imows fiom personal experi- 
ence, very difficult for the beginner in the subject to know what 
to read first, or what experiments are worth performing. 

Twenty years ago, when coUoid chemistry was still in its 
swaddling clothes, chemists concerned themselves too much 
with the mere prepaiation of new coEoids, just as organic chemists 
once prided themselves too much on the mere preparation of new 
compounds Now we are makmg genuine progress by a more 
intensive study of the properties of material in the colloid state. 
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by discovering general principles and by the use of quantitative 
methods 

In preparing this manual the author has been greatly helped 
by advice and criticism from Mr Jerome Alexander of the Uniform 
Adhesive Co., Professor W D Bancroft of Cornell University, 
Dr. Martin H. Fischer of the Cmcinnati General Hospital, Dr. 
Leon Parsons and Mr Robert E. Wdson of Massachusetts Insti- 
tute of Technology, Dr EUwood Spear of the Goodyear Rubber 
Co , Dr. S E. Sheppard of the Eastman Kodak Co , Dr. J A. 
Wilson of the GaUun Tanneries at Milwaukee, and Professor 
J. H. Mathews of the Umveisity of Wisconsin 

A number of detailed experiments were generously given by 
Mr. Alexander (on the ultramicroscope), by Professor Bancroft 
(on dyeing), by Dr. Spear (on rubber), by Dr Sheppard (on silver 
nuclei), by Dr J A. Wilson (on tanmng) and by Dr. Parsons 
(on varied topics) 

Most of the chapter on Adsorption of Gases was used by per- 
mission of the Silica Gel Co of Baltimore and represents the work 
of Dr. Patrick. Cuts were loaned by Dr Martin H Fischer, the 
Central Scientific Co. and the Telling-Belle Vernon Co. 

Haery N. Holmes. 

Oburlin, Ohio, March, 1922 



SELECTIONS FOR SPECIAL COURSES 


It is not expected that any one student shall perform all the 
experiments in this manual If he did he would probably spend 
two full days each week for a year' in the colloid laboratory. 

The teacher must use judgment in selecting repiesentative 
experiments fiom each chapter to suit the time allowed for the 
course There is a distinct gam in general interest if similar 
expel iments are given to different students rather than to give 
all exactly the same diiU 

Again we must admit that a single defimte list of experiments 
does not meet equally well the needs of students mterested in a 
general fundamental course, m medical work, in agiiculture and 
ceramics, in geology and in mdustrial work To meet these dif- 
ferent demands the authoi suggests tho following courses based 
on a time allowance of at least twelve clock-honirs per week for 
one semester 

A General Course. — Experiments 1, 2, 5, 6, 7, 10, 12, 16, 17, 
20, 25, 26, 29, 38, 40, 41, 42, 44, 47, 48, 49, 66, 59, 60, 62, 63, 65, 

67, 68, 69, 71, 74, 76, 78, 84, 89, 91, 94, 95, 96, 98, 100, 101, 103, 

104, 105, 107, 110, 111, 113, 115, 116, 126, 128, 129, 133, 138, 134, 
135, 136, 138, 139, 140, 141, 144, 148, 150, 151, 153-159, 160, 161, 
165-166, 167-174, 175, 176, 177, 181, 184, 

A Course for Medical Students — Experiments 1, 6, 8, 11, 12, 
15, 17, 20, 25, 31, 39, 41, 44, 47, 48, 49, 52, 53, 54, 56, 57, 60, 62, 

64, 65, 67, 68, 69, 71, 73, 74, 76, 80, 81, 82, 83, 84, 86, 86, 89, 91, 

92, 93, 95, 96, 98, 99, 101, 104, 110, 112, 115, 119, 126, 133, 135, 
144, 148, 150, 153-159, 182 

A Course for Students of Agriculture or Ceramics — Experiments 
1, 4, 6, 10, 12, 13, 17, 21, 25, 31, 39, 40, 44, 46, 47, 48, 49, 50, 56, 
57, 58, 59, 63, 65, 67, 68, 69, 72, 80, 84, 91, 94, 95, 96, 98, 100, 101, 
104, 105, 112,T15, 122, 123, 133, 134, 144, 147, 148, 153-159, 162, 
163, 164, 182, 184. 
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A Course for Students of Geology — Expemnents 1, 3, 4, 10, 12, 
13, 17, 21, 25, 31, 40, 43, 44, 46, 47, 48, 49, 50, 56, 57, 58, 59, 63, 

65, 67, 68, 69, 71, 72, 84, 91, 95, 100, 106, 115, 122, 123, 125, 127, 

128, 133, 134, 144-152, 159-164, 182, 184. 

A Course for Students of Industrial Chemistry. — Expeiiments 
1, 2, 3, 10, 12, 13, 16, 21, 25, 31, 41, 42, 46, 47, 48, 50, 55, 56, 57, 

58. 59, 65, 67, 68, 69, 70, 72, 79, 81, 84, 86, 86, 90, 91, 94, 95, 96, 

102, 104, 105, 108, 109, 112, 115, 116, 125, 127, 133, 134, 135, 136, 
137, 138, 139, 140, 141, 144, 148, 153-159, 160, 161, 165, 166, 167- 
174, 177, 178, 180, 185, 186. 

Quantitative experiments for a course m Physical Chemistry 
are scattered throughout the book and may readily be selected. 
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CHAPTER I 

SUSPENSIONS— COARSE AND PINE 

Exp. 1. — ^With three sieves, of 50-mesh, 100-mesh and 200-mesh, sift any 
suitable powder, such as quartz flour, clay or starches, into three grades of 
particles. Suspend about 1 g of each in test tubes of distilled water and 
note the time of settlmg Make observations on the portions that settle 
rapidly In each ease a very small fraction is slow to settle 
What has mere size of particle to do with tune of settlmg? 

Exp. 2. — ^Precipitate barium sulfate cold and attempt to filter it Now 
precipitate the salt by mixmg the proper hot solutions and keepmg hot an 
hour. Will a filter papei letain the precipitate? 

The solubility of small particles, slight though it may be, is greater than 
that of larger particles (greater surface). This solubility is mcreased by rise 
in tempeiature, so the smaller particles dissolve and the dissolved salt deposits 
on the larger particles which aie m contact with their own saturated solution 
Exp. 3 Surface and Solubihty.— Kemick (Jour Phys Ghem., 16, 515, 
1912) outlines a convmomg demonstration of the difference between the 
solubihty of small particles and that of larger particles' 

Make a normally saturated solution of calcium sulfate by stirring gently, 
for some hours, 30 g of coarsely powdeied gypsum in 300 cc of distilled watei 
The finer particles must previously have been rinsed away with water This 
saturated solution may well be kept in contact with the crystals Now grind 
some gypsum to an impalpable powder m an agate mortar To one of two 
beakers contammg about 60 cc of the previously made “ normally saturated ” 
gypsum add about 0 5 g of the gypsum powdei Shake a moment and filter 
twice if not clear With the greater surface moie gypsum dissolves, although 
the solution was saturated with the larger particles 

A duplicate of the “noimally saturated” solution is filtered at the same tune 
(both poitions handled rapidly) To 20 cc of each filtiate is added 10 cc 
of a solution piepared as follows 100 g NaaHPOi • 12H2O and 2 6 g NaOH 
made up to 1000 cc and 29 cc (exact amount to be found by titration) of 
this are colored a deep pmk with phenolphthalein and diluted to 100 cc 
The liquid shaken with the finer powder turns colorless, but the other 
remains pink. An actual titration would show a difference of 10 per cent in 
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the concentration of calcium sulfate. If the difference in color is not sharp 
with addition of 10 cc try 10 5 cc 

Exp. 4. — Problem m analysis To titrate any unused Ca(OH)2 when 
carbon dioxide is run mto clear lunewater Hydrochloric acid neiitrahzes 
unused CafOHla and then attacks the precipitated CaCOs 

First try heating this limewater, with its suspended CaCOs, for fifteen 
minutes at about 60° The CaCOa particles grow m size, probably becommg 
crystallme and compact, offeimg far less surface to attack the acid In fact 
they settle out rapidly They now dissolve so slowly in dilute acid that the 
end point with phenolphthalem can be secured before the CaCOs is attacked 
noticeably 

Exp. 6. — Project a poweiful beam of light from some source into a small jar 
or flask containing an AszSa sol (or any colloid at hand) and note whether the 
path of the beam becomes stiongly lummous Luminosity of the path of 
the beam is known as the Tyndall effect and indicates the presence of sus- 
pended particles, provided that this luminosity is not due to fluorescence. 

Insert a Nicol prism between the light souice and the colloidal suspension 
and rotate the prism Note whether there is any change m the intensity 
of the lummosity as the Nicol is rotated Such a change in luminosity is to 
be expected if the lummosity is due to the Tyndall effect, because the light 
IS polarized by reflection from the surfaces of the suspended particles, but 
it will not be observed if the luminosity is due to fluorescence (J H 
Matthews ) 

Compare the Tyndall cone in ordinary water and the same water fiom 
which a gelatmous precipitate of Al(OH)s has settled Square bottles or 
small, flat batteiy jars are suitable lor this expenment What is “ optically 
clear ” water? 

Exp. 6. — Pour 2 cc of a 10% alcohoho solution of rosin or mastic mto 100 oo 
of water and get a suspension of mmute sohd particles of mastic m water 
Pour an acetone solution of any liquid fat mto water and get a suspension of 
minute liquid particles of fat in W'ater It is a general principle that if A is 
soluble in B but is insoluble in C, A will be thrown into suspension, frequently 
colloidal, when a solution of A m B is added to an excess of 0 (if B and C are 
miscible), 

The color change is explained by the leaction: 

3CaS04+2Na2HP04 -> Ga3(P04)2+2Na2S04+H2S04 

The more calcium sulfate there is in solution, the more sulfuric 
acid is set free to react with the small amount of base present. 
Of course, the exact amount of base must be carefully adjusted 
to show the difference expected. 

Hulett (Zeit. phys Chem , 37, 385, 1901) found that a coarsely 
crystalhne calcium sulfate (1 8m) was soluble 2 29 mg. per hter 
at 25°, while the solubility of the same gypsum ground in an 
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agate mortar to 0 l{i rose to 4.5 mg per liter. Red mer- 
curic oxide becomes yellow on grinding, and its solubility in- 
creases till cofold. 

Surface increases enormously with subdivision, and aU surface 
phenomena become greatly magnified. A cube, 1 cm. on edge, 
when subdivided into cubes 10/i/i on edge, would possess a total 
surface of 600 square meters, and the number of particles would 
be 10^® 

Interesting experiments may be devised for the use of the 
Kober nephelometer m determining the amount of suspended 
material Read the excellent discussion of nephelometry by 
Kober and Graves (Jour. Ind. Eng, Chem., 7, 843, 1915). 

Exp. 7. — ^Add a satuiated solution of mercuric chloride to colloidal silver 
which the instructor has previously prepared The dark color disappears, 
and a milkmess, due to the precipitation of white mercurous chloride and silver 
chloride, appsars. 

Ag-t-HgCh -- AgCl-hHgCl 

This reaction becomes apparent when silver in colloidal form, with enor- 
mous surface, is used although, of course, some reduction must occur when 
silver foil IB used, 


THE COLLOID CHEMISTRY OF FEHLING’S TESTS' 

Exp. 8.— When Fehhng’s solution is treated with a reducing substance 
it IS generally expected that a bright-ied precipitate will be obtained. Fre- 
quently, however, an orange oi yellow precipitate is obtamed, and in certain 
instances nothing but a yellowish-green discoloration results 

These color changes aie comcident with differences m size of particles of 
the cuprous oxide formed The smallest particles are yellowish green, as 
they grow m size they become yellow, then orange, and when very coarse they 
are red. When the biight-bluc Fehlmg’s solution is mixed with a little dextiose 
solution, or some diabetic uime, and the mixture is not boiled as ordinarily, 
but IS allowed to stand several horns at room temperature, this series of color 
changes, beginnmg with bluish gieen and endmg with red, is observed 
Drops of these suspensions examined under the microscope show the corre- 
spondmg growth in size of particle 

Mix cold 1 6 oc of Fehhng’s solution and 20 oc of 2 per cent dextrose. 
In 30 minutes the colors change from green to yellow to orange and m 7 hours 
to red, 

' Adapted from Martin H Fischei, Science, 45, 505, 1917. See also 
Journal of Laboratory and Chmcal Medicme, 3, 368, (1918) 
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In the action of the alkali of Fehlmg’s solution upon dextrose, for example, 
there aie produced, from a chemical point of view, not only the various 
degradation products which are responsible for the reduction of the copper 
salt, but fiom a colloid point of view, ccitam hydrophihc colloids which tend 
to inhibit a precipitation of the cuprous oxide in coarse form 

To allow adequate time for the growth of the cuprous oxide particles to the 
red form, it is better to make reductions at low temperatures than at higher 
ones 

With much sugar present the number of pomts at which the copper salt is 
attacked and reduced will evidently be much laiger than when less sugar is 
added All the available copper salt for further growth of the particles will, 
therefore, have been exhausted when the copper oxide particles aie still small 
Therefore too much reducmg sugar is likely to yield only the greenish dis- 
coloration In such eases dilution or reduction and long standing at room 
temperature may help 

It might be well, bcfoie testing for sugar, to boil and filter urine in order 
to remove any albumm present Albumin is a protective coEoid. 

An interesting presentation of von Weimam’s law is found 
in Ostwald’s “ Theoretical and Applied Colloid Chemistiy ” and 
in Washbuin’s “ Principles of Physical Chemistry,” 432, 1921, 
pages 24-33. As demonstrated with Prussian blue and with 
barium sulfate the size of precipitated particles is greatest when 
medium concentrations of the two reacting solutions are used 
With very low or very high concentrations the procipifcatod par- 
ticles are smaller 

Exp. 9 —To 10 oc of M/200 FeCU add 10 cc of M/200 K4Fe(CN)o solu- 
tion, dilute to about 100 cc and note whether the solution is clear Repeat 
the experiment, usmg M/10 solutions and explam the difference in the phe- 
nomena obseived 

Add 5 00 of a practically saturated solution of FeCU to 10 eo of a praotu 
cally saturated solution of KiFe(CN)6 Take a small quantity of the gel 
and stir up m water Prove by lEtermg that the resulting suspension is col- 
loidal. '• 
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DIALYSIS AND DIFFUSION 

Gbaham distinguished between “ colloids ” and “crystalloids” 
by diffusion and dialysis tests Colloids he classed as substances 
with a much lower rate of diffusion than crystalloids Further- 
more he observed that some substances diffused through various 
ammal and plant membranes while others did not. Thus with 
bladder or parchment separatmg pure water from water contaimng 
both colloids and crystalloids he was able to dialyze or purify the 
colloid suspension, in other words, free it from the so-called 
crystalloids. For such a process, dialysis, we now use gold- 
beater’s skins (the peritoneal membranes of cattle), collodion 
membranes, paichraent paper and fish bladder. For ultrafiltia- 
tion read page 115 

Exp. 10. — With a narrow flame or a hot wire cut oC the bottom from wide- 
mouthed bottles Tie membianas (paichment paper, bladder, gold-beater’s 
skm, collodion, etc ) tightly ovoi the mouth, invert the bottle, add liquid, 
if no drops form on the lower side, the dialyzer is free from leaks Use 2-mch 
dialyzing tubes made by Central Scientific Co , Chicago, and Scientific 
Mateiials Co , Pittsburgh, or flanged test tubes open at both ends, or make 
parchment-paper cups of any size, as described by Holmes, Jour. Am. Chem. 
Soo., 38, 1203 (1916). 

A quotation from this reference follows: 

“ The cheapest and most easily made dialyzer I have used is a 
sheet of parchment paper shaped hke a beaker In other words, 
it IS aU membrane and has a much greater dialyzing surface than 
the usual foims. These beakers or cups can be shaped easily by 
any student A sheet of paichment, free from pin-holes, is soaked 
in water a few rmnutes to soften it and then folded ovei a bottle 
of the desired size and shape. The folds should be triangular and 
narrow, and should cover each other much as do the folds of an 
umbrella. It is best to crease them moderately. A cord is tied 
around the paper and bottle about 1 centimeter from the upper 
edge, and the, whole set aside to dry. When dry, the bottle is 
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removed, and the cup holds its shape perfectly. The cord must 
be left on the cup to support the sides Two holes may be punched 
near the top of the paper and a strmg attached hke the handle of 
a pail So tough is the paper that a parchment cup holding a 
liter of water may be carried without tearing or collapsing Tiim- 
ming the upper edges of the cup gives a neajier appearance Three 
cords may be attached by wire chps as an improvement on the 
pail. 

“ When such a dialyzer is to be used it is nearly filled with the 
colloidal solution and suspended m a large vessel of puio water 
Removal of ions is ex- 
tremely rapid, in spite 
of the fact that parchment 
is infeiioi as a mem- 
brane to gold-beater’s 
skin It is evident that 
with a given membrane 
the rate of dialysis is pro- 
portional to the effective 
surface of the membrane 
In this form the bottom 
and sides of the cup arc 
aU effective 

“ The rate of dialysis 
may be doubled if two 
such cups aie used, the 
smaller inside the larger 
The inner cup holds pure 
water and the other the 
colloidal solution, while the combination of cups is hung in a 
larger vessel of pure water. This arrangement gives dialyzmg 
surface outside and mside the colloidal solution. The water may 
be changed as desired.” 

In dialysis it must be remembered that the non-colloids 
will diffuse back through the semi-permeable membrane unless 
the outside water is changed frequently or continuously. A 
constant level siphon, as shown in Fig 1, is useful. Foi many 
purposes a few days’ dialysis may serve; but for very accurate 
Work dialysis must be continued for a few weeks. Hot dialysis, 
by increasing the speed of diffusion, hastens removal of impurities. 
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It is a good plan to soak parchment paper in three or more 
changes of distilled water before use. In this way the sulfates 
left from the manufacture of the paper (treatment with sulfuric 
acid) are removed. Some coUoids are easily precipitated by 
sulfates. 

Exp. 11. — To make collodion dialyzeia, dip a diy test tube into a solution 
of collodion in a mixture of dry ether and absolute alcohol, dram for two 
minutes, and dry by levolymg in air When it no longer sticks to the finger 
on a light touch, immerse m warm watei a few mmutes Carefully peel it 
off Keep It m watei Oi Jdl a dry tube or an Eilenmeyer flask, invert, and 
clamp to diain for a few minutes When no ether is noticeable, fill with 
warm water and carefully loosen membrane By using beakers, larger cups 
may be made Permeability depends on the extent of drying before water 
IS added to loo^n the film 

Make your own collodion solution Dry the pyroxylin, dissolve 3 or 4 g 
m 100 oc (25 CO alcohol+76 oo ether) by first soakmg for fifteen minutes in 
the alcohol and tlien adding the ether. Stir 

Flat films 1 are made on a glass plate or on meicury 
J M Looney (Jour Biol Chem 60, 1, 1922) outlines a method of pre- 
paring very flexible collodion membranes The usual membranes of this 
typo become brittle and stiff if allowed to dry completely so they are kept 
wet Looney prepared collodion membranes that were veiy flexible aftei 
drying for two weeks and still retained then permeability 

Place 5 g of " Anthony’s Negative Cotton,” which has been dried 48 
hours ovei concentrated sulfuiic acid, m a veiy clean and dry Erlenmeyer 
flask Add 25 co of absolute ethyl alcohol and agitate so that all the cotton 
is moistened Now add 75 oc of ether which has been distilled over sodium, 
and shake until the cotton has completely dissolved Next add 15 co of 
dry ethyl acetate with shaking to secure complete mixing of the solvents 
Let the solution stand overnight and then decant the clean supernatant 
liquid into another flask 

Pour this solution into a large test tube oi Erlenmeyer flask (clean and 
dry) and diaiii back into the eontamer by holdmg the flask at an angle of 
60° and rotating to secure uniform thickness of film When the liquid no 
longer diips freely, clamp the flask veitically and let stand until perfectly 
dry Then peel off the top of the film from the neck of the flask and loosen 
by pouring a gentle stream of water between the membrane and the side of 
the flask Carefully puU out the membrane and test for pm holes by filling 
with a solution of Congo red and hangmg m pure water Permeability may 
be tested by noting the readiness with which a solution of potassium ferro- 
cyanide diffuses through mto pure water 

R E. Wilson and Leon W Parsons modify the method of Wm Blown (Jour. 

1 An egg membrane can be secured by dissolvmg off the shell in dilute acid. 
Viscose bottle caps, holdmg about 100 cc , can be secured from Antoine Chins 
Co , 20 Platt St , New York City They are good dialyzcrs 
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Biol Chem 9, 320, 1915) in order to prepare suitable large sheets of collodion 
membrane, A 4 per cent solution of collodion in a mncture of three parts 
other to one part absolute alcohol is poured onto a clean, level, glass plate, 
covering this over with a frame immediately to lestiict evapoiation of the 
solvent When the film is dry enough to strip it la cut away with a knife 
and carefully removed It is immersed at once in 80 pei cent alcohol Alter 
soaking in this for twenty-four hours it is removed and washed foi a day in 
seveial changes of pure cold water Such a membrane is very permanent 
m acid or neutral solution but dissolves m alkali 

These membranes may be made in bag form by sewing the edges and 
then pamting them with collodion solution 

Bartel and Carpenter will soon pubhsh a paper on “ Anomalous Osmose 
with Collodion Membranes ” m which vaiiations in the permeability of such 
membranes will be discussed 

Get Ansoo’s “ negative cotton ” fiom Ansoo Co , Bmghajpton, N Y , or 
" Parlodion " from Du Pont, Wilmington, Del 

Read Bigelow and Gemberling, Join. Am. Chem. Soc , 29, 
1576 (1907), Walpole, m Biochem Jour , 9, 284 (1916); Brown, 
inBiochcm Jour, 9, 320, 591 (1915), Farmer, Jour. Biol. Chem 
32, 447 (1917), Schoep, Koll-Zeit , 8, 80 (1911). 

Exp. 12.— Make colloidal Pe(On)3 by pom'mg a concentrated solution of 
PeClj mto a beaker containing 300 cc boiling water A noli led solution, 
which is very stable, is formed instantly. 

Fe |Ch-f3]^ OH :p± 3 HCI-)-Fo(OH)3 

When it IS cold, dialyze poitions m different dialyzers, noting the time of 
appeaiance of chloride ions iii the dialysatea (AgNOa test ) 

Dialyze 200 co with frequent changes of water until nearly free from 
chloride ions Preserve for “ Coagulation ” chaptei 

A convenient support for large dialyzing tubes may be made by cutting 
a hole m a sheet of heavy caidboard so that the tube may be held tightly m 
the hole With the cardboard on the top of a beaker the tube may be ad3usted 
so that the mcmbianc does not rest on the bottom of the beaker Still better, 
a circle having the same diametei as the tube may be outlined and five or 
six ladial outs made with a kmte The tiiangulai piojections of cardboard, 
when bent out and reinforced with a rubber band, help to hold the dialyzing 
tube. 

Exp. 13 — Try to dialyze (small tubes) solutions of blue Congo-red acid 
(acidified dye), night blue, safranme, fluoreseem, sugar, coppei sulfate, coffee 
and other substances Which have colloidal properties? 

Exp 14. — Dialyze a solution of castilo soap (about 0 5 per cent) against a 
relatively small amount of w'atei Do not change the dialysate After a 
few days shake some of the dialysate m a test tube Does it froth like soap 
solutions? Was any appreciable amount of the soap in true solution at room 
temperature? 
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Exp. 16 —Dialyze thm starch paste Test the dialysatc for starch and 
glucose Now add diastase (or Fairchild's “ Diazyme ”) to the staich and 
keep on testing samples of the ^alysale for glucose, using Fehling's solution 
Exp. 16. — Dialyzers for Non-aqueous Sols — Wo Oatwald in a report 
before the Faraday Society anjl the Physical Society of London (1020) do- 
sciibed a useful method of non-aqueous dialysis Prepare Lottermoser’s 
colloidal mercuric sulhde by passmg a busk stream of washed and dried HaS 
for 10 minutes into an alcoholic solution of Hg(CN)2 of any concentia- 
tion The alcohol, however, must be 97 per cent, not stronger A deep- 
brown sol forms^ It may be chluted with more 97 per cent alchool and 
stabilized, with moie HjS In a closed bottle this keeps for weeks 

Compare the dialysis of this colloid (an aicosol) with that of night blue 
dissolved in 97 per cent alcohol Alcohol must be used on both sides of the 
membrane Night blue is a colloid in water but is moleculaily dispersed in 
97 per cent alcohol Membranes suitable for alcohol dialysis are paichment, 
collodion, and gelatin hardened with alcohol Soak paper thimbles in 97 
per cent alcohol and then pour mto the thimbles ordinaiy 4 pei cent phaima- 
oeutioal collodion Dram and dry qmckly m warm an until diy to the 
touch and until the smell of ether is gone Pour in collodion solution again, 
dram and dry The mcmbiane is now leady During dialysis the aloosols 
must be kept covered to prevent evaporation and the levels of the liquid 
outside and m the thimble must be kept the same 

“So 'far,” writes Ostwald,“we have not found any substance, spontane- 
ously soluble in 97 per cent alcohol, which would not dialyze or diffuse to a 
perceptible degree Even resins such as copal, mastic, dammar and dragon’s 
blood dialyzed m 97 per cent alcohol, as did alcoholic linseed oil, beeswax, 
lard, alummum oleate, etc ” Eyen the zem of corn diffused 

Peimeabihty is tested by dropping the dialysate mto a beaker of water or 
a solution of alum After 24 hours some milkmess is always observed Any 
collodion precipitated appears m films or scales, not as a milky suspension, 


HOT DIALYSIS 1 

The speed of dialysis depends upon the following factors; 
First, the nature of the membiane; second, the area of the mem- 
brane which IS in contact with hqmd on both sides, third, the 
difference in concentration of diffusible substances in internal and 
external liquids close to the membrane; fourth, the temperatures 
of the internal and external hquids. 

Hot dialysis, with its greater speed of diffusion, enables us to 
hasten greatly the punfication of colloids A parchment paper 
sack, A (prepared wet), of about 1 hter capacity, is nearly filled 

'Method of Marks Neidle, Jour Am Chem Soc., 38, 1270 (1916), 39, 
71 (1917) 
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with distilled water and then suspended in a 2~liter beaker con- 
taining 500-1000 cc. of the solution to be dialyzed. Distilled 
water is run thiough the sack at a late of about 2 liters per hour, 
the level being kept constant by means of an automatic siphon 
The folded neck of the paper sack is tied to the flanged end of a 
glass tube (15 cm. long and 2 cm. in diameter). The colloidal 
solution in the beakoi is heated, usually to 70°r90‘', 




Pressure dialysis 
to prevent dilution, 

Fia 3 


By placing the colloidal solution to be dialyzed in the outer 
vessel, the large increase m volume, due to osmosis, is avoided. 
Evaporation balances the effect of osmotic flow. 

A colloidal solution of high piuity may be obtained by this 
method in eight to ten days, while the usual method may require 
a month For most experiments even this time of dialysis is 
excessive. 
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Exp. 17. Chromium Hydroxide Purified by Hot Dialysis — ^Add 49 ec. 
of N ammonium hydroxide to 162 cc of N chromium chloride with vigorous 
shaking This amount of ammomum hydroxide is equivalent to less than half 
of the chromium chloride, so the hydroxide precipitated at first is peptized 
(subdivided) by the action of the remammg chromium ehloiide 

Let stand twenty minutes, or until the piecipitate disappears The 
resulting clear green solution is diluted to 400 co and dialyzed for thirty-four 
hours at 76°-80° That a nearly pure chromium hydroxide is seemed is 
shown by analysis The ratio of chromium to chlorine has been found by 
Neidle to be 8.6 . 1 If the dialysis is carried on near the boihng point, the 
colloid secured m ten hours will be as pure as that resulting from seventy- 
three days’ cold dialysis 

The volumes given above lepresent an actual experiment by 
Neidle and may be varied somewhat. 


DIFFUSION 

Exp. 18. — Let solutions of Congo led, beet juice, colloidal Fc(OH)8, night 
blue, coffee, safianme and fluorescein, as well as colored salts, diffuse into 
jellies of 3 pel cent gelatin or 2 per cent agar Use test tubes more than half 
full of jelly Which are colloids, as shown by speed of diffusion? Jellies are 
thick membranes 

Exp. 19. Alexander’s " Patriotic Tube.” — ^Fill a test tube two-thirds full 
with slightly alkaline solution of agar containing enough phenolphthalem to 
turn it pink, and a little KiFe(CN)4 Aftei the agar has set to a solid, a 
dilute solution of FeCL is carefully poured on top The ion forms, with the 
feirooyamdo, a slowly advancing hand of blue, before which the more rapidly 
diffusing HCl spieads a white band as it discharges the pmk of the mdioator 
In a few days the tube is about equally banded m red, white and blue. 

The agar may bo alkaline as pui chased Acetic acid may bo added until 
the pink color of the phenolphthalem is just discharged Then the color 
may be brought back with a trace of alkali. 
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CONDENSATION METHODS OF PREPARATION 

Reaction between dissolved substances may yield precipitates 
or may yield those aggregates of a few hundred or thousand 
molecules that we tenn colloidal In the latter case colloidal 
suspensions are formed by condensation of smaller particles into 
larger ones. 

In the foEowmg woik distilled water must be used Smee on 
long storage it may take up impurities from the container or fiom 
the air, there are times when freshly distilled water may be neces- 
sary Resistance glass vessels must be used for all woik Inferior 
results are obtained with the vessels of more soluble glass. 

Small Erlenmeyer flasks are useful. The utmost cleanliness 
must he observed Glass is best cleaned with warm chiomic- 
aoid solution, rinsed with tap water and finally with distilled 
water If necessary, the glass should be steamed out 

Dialyzing membranes are used the second time only for puri- 
fication of the same colloid, and only if they have been kept wet 

REDUCTION 

Exp. 20. Preparation of Gold Hydrosol. (Zsigmondy’s Method) — The 
water used foi solutions should be distilled twice through a block tin coil 
condenser. The best American reaistaneo glass, thoroughly cleaned, should 
be used for all oontamers 

Three solutions aie necessary (1) 6 g. AuCls • HCl • 3HiO dissolved and 
made up to 1 htei with conductivity water, (2) one hter of 0,18 N KaCOa, 
and (3) a 0 3 per cent solution of formaldehyde 

According to Zsigmondy, 120 cc of water pieparcd as above are heated, 
and 2 5 cc of gold chloride solution added, then 3.6 co KaCOs solution 
This IS stirred to insure uniformity and heated to 100° C It is removed from 
the heater, and 3 to 6 co' of the formaldehyde solution are added with lively 
stirring 

S E Sheppard and P A BIhott find a much smaller amount of formalde- 
hyde quite sufficient They added formaldehyde solution (0 3 per cent, made 
by ading 0.3 co of ordinary formalm to 100 co of water) a drop at a time, 
12 
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stirring well, until a famt red tint appeared Additions were made only after 
a color change was no longer pioduced by the previous drop A deep red 
and extremely clear solution was thus obtained About 2 co of tlie formal- 
dehyde solution were used Sometimes 4 cc. yields a blighter colloid. 

The section on colloidal gold, beginning on page 89 of Zsig- 
mondy’s “ Chemistry of Colloids ” is well worth reading at this 
point. 

Zsigmondy’s gold is the form best suited to coagulation experi- 
ments and IS even used in the study of spinal fluid as an aid to 
diagnosis. 

Exp. 21. Gold by Tannin . — Wo Ostwald reduces gold ofiloiide with tan- 
nin, under conditions that guarantee the finely divided red gold 

To 100 CO of distilled water add a few diops of a 0 1 per cent solution of 
gold chloride which has been neutralized with the calculated amount of potas- 
sium carbonate Now add a few drops of a 0 1 per cent solution of tannin 
Heat the colorless mixture a minute or two, shaking it constantly Below 
100° a cherry-red color appears Now add moic gold chloride and tannin 
alternately until the ooloi deepens to suit youi fancy 

Tannin has some piotective qualities and therefore this method is surer 
than some otheis 

One diop of chloroform to 12 cc ot such a tannin preparation kept it free 
from mold foi four months, Tanmn solutions have a great tendency to 
develop mold 

Exp 22 Gold by Pyrocatechin. — Make a senes such as 
Add 0 20 cc of 0 1 per cent pyrocatechm to 10 cc of 0,1 pei cent gold chloride 
Add 2 00 00 of 0 1 pei cent pyrocatechm to 10 cc. of 0 1 per cent gold oblonde 
Add 6 0 0 00 of 0 1 per cent pyrocatechm to 10 cc of 0 1 per cent gold chloride 

Unstable gieen gold sols may be secured 

Exp 23. Kohlschiitter’s Silver. — ^Kohlschuttei reduced silver oxide m water 
at 60°-60°, with a stieam of hydrogen Thus a sol free fiom electrolytes was 
obtained 

Make a 5 per cent solution of silver nitrate Piecipitato silver oxide with 
a shght excess of dilute sodiimr hydroxide (not ammonia), and wash a few times 
by hot-water decantation Make a satmated solution m hot water, filtering 
off undissolved oxide Pass a stream of washed hydrogen thiough the solution 
of silver oxide (and hydroxide) at 60°-60° for forty minutes. The color of 
the reduced silver depends, curiously enough, upon the nature of the walls 
of the 1 eduction flask With resistance glass it may be red, violet or blue 
Zsigmondy’s “ Chemistry of CoUoids ” gives an inteiesting page (p. 117) 
to this method 

Exp. 24. Silver by Tannin. — To 5 cc of 1 per cent silver nitrate solution 
add very dilute ammoma drop by drop until the piecipitate just disappears 
Dilute to 100 cc Mix with 0 4 cc. or more tannm (0 6 g in 100 cc water). 
Try mixing both hot and cold solutions. Vary the proportions The colloid 
IS red-brown by transmitted hght and olive gieen by leflected light 
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Exp 26 Sulfur — Pass hydrogen sulfide (washed) into sulfur dioxide 
water until all odor of sultur dioxide is gone (Do not do this m the colloid 
laboratory ) 

2H.S+SO2 2H2O4-3S 

Precipitate this colloidal sulfur by addition of powdered sodium ehlonde, 
shaking Filter Wash on the filter until all sodium chloride is removed 
The sulfur begins to run thiough the filtei in a good suspension Acidified 
“ hypo ’’ yields colloidal sulfui, as do most oxidizing agents on hydrogen 
sulfide water The author found gleaming crystals of sulfur in an old suspen- 
sion of colloidal sulfur This would seem to indicate a slight solubility of 
sulfur to make possible the change from the colloid to the ciystalloid state. 


HYDROXIDES AND OXIDES 

(Although for conyenience we write Fe(OH) 3 , it is probable 
that we deal with different degrees of hydration of FeaOs.) 

Exp. 26 Ferric Hydroxide. — ^The addition of a few cc of concentrated 
FeClj to much boiling water has alieady been given as one method of pie- 
paiing feme hydroxide 

We may also boil feme acetate (made fiom washed fen lohy dioxide and 
acetic acidj until no more acetic acid passes ofl, and get the colloid, an example 
of hot hydrolysis. (Pi'an de St Gdlo’s method ) 

Read Jour Phys Chem , 232 (1915) Make Krecke’s colloid 
by hydrolysis of 0 1 per cent FeCla, also by hydrolysis of 0 75 
per cent FeCls at 87 ° and 93°; also by hydrolysis of 0 6 per cent 
FeCls at 100° 

These represent different degrees of hydration of FeaOa. 
The color differences are similai to those m hematite and limonite 
iron ores. 

Exp 27. Chromium Hydroxide. — To remove the trace of sulfate in most 
“CP cliromiiun chloride,” add a little barium cliloiide to the boiling solution 
Dilute greatly and then add ammonia to the boilmg-hot chromium chloride 
to precipitate chiomium hydroxide Bod off the excess ammonia (test by 
odor), let settle, filter and wash the precipitate Dissolve it in boiling 6N 
hydrochlonc acid and evapoiate the rcsultmg solution of chiomium chloride 
to a small volume to get the last of the precipitate into solution More 
hydroxide should then be added Filter, and dialyze A beautiful, clear, 
green sol is obtained 

Exp 28. Molybdenum Blue (MoaOs).— Add 5 g ammonium molybdate 
and 30 ee of 4 N sulfuric acid to 150 cc of water Whde it is boiling hot, 
reduce with a lapid stream of hydrogen sulfide (Hood) Dialyze Dye a 
strip of white silk with the blue colloid 
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This was reduction m a strongly acid solution (Dumanski’s method) 
Repeat the experiment, using only one drop of sulfuric acid mstead of 30 oc 
Note the diherence m color of the colloid which is probably a different oxide 
of molybdenum 

Exp 29. Manganese Dioxide ' — “ Potassium permanganate is a powerful 
but relatively slow oxidizing agent . and does not leact at a measurable 
rate with ammonium hydroxide at oidmary tempeiatures If, however, to a 
hot oonoentiated potassium peimanganate solution ammonium hydioxide is 
added, ammoma is oxidized to nitrogen and manganese dioxide is precipitated 
If, to a tairly dilute solution of potassium peimanganate, concentrated ammo- 
nium hydroxide is added slowly, manganese dioxide does not precipitate, but 
lomains in the colloidal foim After ti3ung vaiious concent! ations of potas- 
sium peimanganate and of ammonuun hydioxide we obtained the best results 
by the following method 

" Heat a M/100 peimanganate solution to boilmg Then while stirimg, 
add concentrated ammonium hydroxide, one drop every thiee mmutes At 
no time should anythmg but the faintest smell of ammoma be peiceptible 
The solution should be kept at about 90 ° It turns wmo-i ed and finally coffee- 
brown by tiansmitted light and a bluish-biown oily color by reflected light 
To test if all the permanganate has been reduced, a portion of the colloidal 
solution can be coagulated by the addition of salt, to show the presence of 
any violet color which may have been masked by the dioxide 

(About 10 CO ammonia may be added, 1 diop per second ) 

“ As will be seen from the equation 

2KMnOi-f 2NH, -» N2-|-2Mn02H-2Iv0IH-2H.0 

m the final colloid theie is present, beside the dioxide, only some potassium 
hydroxide, which has a small, if any, coagulating effect . Maiolc has found 
the colloid IS coagulated by contact with filter papei oi parchment, so it cannot 
be dialyzed unless very special precautions aie taken . Alcohol does not 
coagulate the solution ” 

Colloidal manganese dioxide can also be made by reduction 
of potassium permanganate with hydrogen peroxide (Marek), 
by reduction with sodium thiosulfate (Spang and de Boeck), 
and by reduction with arsenious acid (Deisz) Fremy (Compt 
rend , 82, 1231, 1876) obtained a red solution by treating potas- 
sium permanganate with concentrated sulfuric acid (caution') 
It is safer to leave Fiemy’s expeiimenl alone unless the exact 
directions are at hand. See page 110. 

Exp 30. — Mix 60 cc of 0 3 pei cent potassium permanganate with 20 oc 
of HaOj (oommeicial 3 per cent plus an equal volume of water) A blown 
form of colloidal managanese dioxide is secured and is stable for weeks 

^ Eustace J Guy, Jour Phys Chem., 26, 416 (1921) 
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SULFIDES 

Exp. 31. Arsenic Trisulfide. — Mix equal volumes of 1 per cent arsenic- 
trioxide solution (prepared hot and fdteied cold) and satuiated hydrogen- 
sulfide water Or simply pass washed hydi’ogen sulfide thiough a solution of 
arsenious acid Boil off the excess hydrogen sulfide oi remove it cold with a 
stream of hydiogen 

2As(OH)3+3H2S -lOHjO-fAssSa 

Compare with the product ohtamed by passing HjS into AsCL Why 
the difference? Write the equation. 

Exp. 32. Antimony Tnsulflde — From a dropping funnel drop a 1 per cent 
taitai emetic solution mto water through which washed HjS is passing A 
beautiful, rich orange-ied sol foims Dialyae. It may remain m suspension 
several weeks 

Exp. 33. Mercuric Sulfide. — Mix 200 cc. of M/8 mercuric cyanide solu- 
tion and 200 oo of satmated hydiogen sulfide water. 

Note that mercuric cyanide is but shghtly ionized and therefore there are 
almost no Hg ions to coagulate the negative colloid All sulfides in water are 
negatively charged and hence easily dischaiged by positive ions, especially 
by those of higher valance 

As statod in the previous experiment, the negatively charged 
sulfides are best prepared m the colloidal form if polyvalent positive 
ions are absent, or present in a very low concentration. To form 
copper sulfide we need some copper ions, but our needs are safely 
met if a poorly lomzed copper complex is formed. Then, as fast 
as the few copper ions present react with sulfide ions, equihbiium 
is distui bed and more copper ions form. The tartrates and citrates, 
or even ammonia, “ tie up ” copper ions to suit our needs. 

Exp. 34. Copper Sulfide — ^To 100 ce. of water add 4 co of 1 per cent 
“ blue vitriol ” and enough dilute ammoma to foim the azure-blue soluble 
complex Then add 4 co of dilute Rochelle salts solution. Pass washed 
hydrogen sulfide into this solution while it is on the dialyzer Dialyze imtil 
the dialysate is nearly free from sulfates The colloidal sulfide is blmsh by 
reflected light and green by transmitted light It may lemain m suspension 
a few months 

A iioher blue, hut a less stable colloid, is obtained by usmg only 1 oc. of 
Rochelle salts. It is well to remove any excess of hydrogen sulfide with a 
stream of hydrogen If satisfactory results are not ohtamed vary the amount 
of Rochelle salts used. 
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ACIDS 

Exp. 36. Silicic Acid. — ^Dilute commercial water glass to a density of 
about 1 16 Since carbon dioxide has a coagulatmg influence on silicic acid, 
it IS well to use freshly boiled distilled water for dilution Keep m a rubber- 
stoppereid bottle Pour 75 ce .of this mtp a mi'rture of 25 cc concentrated 
HCl and 100-150 c.c of water, and dialyze. If it is dialyzed too far a.gel may 
precipitate on the membrane. Rather unstable, etfeily coagulated by phos- 
phates, etc 

Precipitate a gel of silicic acid, by pourmg stronger acid mto the water 
glass and let stand imtil a gel ( 3 elly) sets Wash the lumps thoroughly with 
many changes of water and note how httle NaOH is requiied to peptize (see 
page 18) into the sol form The amount of NaOH required to peptize the 
gel IS far leas than the amount called for by chemical leaotion 

Read Zsigmondy’s “ Ghemistiy of Colloids,” page 134 

Exp 36 Tungstic Acid — ^Add a 5 per cent solution of ammonium or so- 
dium tungstate to a slight excess of dilute HCl Dialyze. Add a little HCl 
eveiy day or two, until all the alkah is removed Save a poition of the sol 
Evapoiate on the watei bath until flakes form These aic leversiblo, that is, 
they may be redissolved in watei Or peptize a freshly precipitated tung- 
stic acid with oxalic acid, and dialyze Molybdic acid is handled in the same 
way 

Exp. 37. Stannic Acid. — ^Zsigmondy dilutes a solution of stannic chloride 
so that the salt is hydiolyzed almost completely The gel is then washed by 
decantation and peptized by a very httle ammonia The excess ammonia is 
boiled away Such a sol has been kept foi years When precipitated by 
potassium hydi oxide or sodium chloiide, the stannic acid goes back into 
solution on washing out the electrolyte, yet coagulation with acids is 
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DISPERSION METHODS OF PREPARATION 
PEPTIZATION 

Dispersion methods of preparation are exactly the opposite 
of condensation methods larger particles are broken down into 
smaller This may be done by grinding, electiical disintegration, 
the action of various liquids, adsorption of ions, and sometimes )iy 
washing out the excess of adsorbed ions from precipitates 

Exp. 38. Bredig’s Arc Method. — Make and break an aie under watei m a 
small crystallizing dish, using gold wues run thiough glass tubes for handles 
If the water is about 0 002 N with NaOH the results are better Any ouirent 
of 30-110 volts and 5 to 10 ampeies is suitable When the watei is well 
colored, flltei and keep the filtrate Try wires of platmum, coppei oi silvei 
To piovc that some oxide is foimed, as well as metal, add HCl to some 
Pt suspension Then pass in HjS A dark stain and mmute precipitate of 
the platinum sulfide could not have foimed if only the metal wore present 
Of course, it is conceivable that colloidal platmum might be attacked by 
hydrochloiic acid The more active metals form more oxide 

If the gold, made as above, is blue, try heating to soc if it turns red The 
pai tides of rod gold are smaller than those of blue gold. 


PEPTIZATION 

Exp. 39 — Heat dilute egg-white to opalescence (due to a partial coagula- 
tion) Now add pepsin and a tiace of hydrochloiic acid to “ peptize ” the 
protein This experiment illustrates the oiigm of the term Graham called 
it “ peptonization ” because he first used the process to break down protein 
into peptones (as in digestion) The term now used by all colloid chemists is 
“ peptization.” 


Glue, gelatin, soap, gum arabic and dextrin are said to be 
soluble m water In reality they aie merely peptized by water — 
they are subdivided into particles far larger than molecules Of 
course, m hot watei some soap is m true solution, and probably 
a little may be molecularly dispersed in cold water. Even gun 
18 
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cotton is merely peptized by amyl acetate or by a mixture of 
alcohol and ethci. 

At tins point it is worth while to read pages 166-171 m 
Bancroft's “ Applied Colloid Chemisti’y.” A quotation from his 
“ Colloid Problems ” (No 38) follows 

“ (38) Behavior of Gum Arabic with Alcohol and Water. — 
It IS not very easy to peptize gum arabic by grindmg with water 
because the water does not displace the air readily from the gum. 
If the gum IS ground for a moment with alcohol, water then 
wets it readily. This is sui prising because watei peptizes the 
gum and alcohol does not, one would consequently have expected 
the water to be adsorbed moie strongly than the alcohol By 
shaking the gum arabic with aqueous alcohol, it should be an 
easy mattei to tell whether the alcohol or the watei is adsorbed 
the more strongly It is possible that theie may lie a him of grease 
on the gum which is removed by the alcohol. I(. is possible that 
alcohol displaces the air more rapidly because it adsorbs the an 
moie strongly than does water ” 

Peptization of precipitates by adsorbed ions is common 
Whenevei one ion of an electrolyte is moie stiongly adsoibed 
than the other, the particles of a precipitate become positively 
or negatively charged, as the case may be, and repel each other 
This disintegrating effect makes for suspension in the colloid 
form Clays are kept m suspension in water much longer if a 
very low concentration of some base is present. Preferential 
adsorption of hydroxyl ions explains the fact 

Exp. 40 Peptization of Cadmium Sulfide. — Piecipitate cadmium sulfide 
with ammonium sulfide, filter, wash and suspend m water Pass in enough 
hydrogen sulfide to peptize the precipitate When suspension is complete 
boil oft the excess ot hydiogen sulfide All sulfides aie not peptized by adsoip- 
tion of an excess of sulfide ion, but the sulfides of cadmium and niokel are — a 
fact that must be remembeied m qualitative analysis, 

SILVER HALIDE SOLS 
Adsorption of Different Ions 

Exp. 41. — Prepare 0 06 N solutions of silver mtrate and potassium 
iodide From a burette add, while storing, 20 cc of the silver nitrate solu- 
tion to 20 cc of the potassium iodide solution, an equivalent amount 
If the precipitated silver iodide does not settle soon, shake the mixtuie 
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To anothor beaker containing a slight excess of silver nitrate solution, for 
example, 20 2 cc , add 20 cc of potassium iodide solution Prepare a senes of 
nuxtuics, each containing 20 cc of potassium iodide with 20 6 cc of silvei 
mtiate or any other small excess of the lattci solution The sdvei iodide 
lemains in suspension as a positive colloid, having been stabilized by the 
adsoiption, of the excess of silver ions The question is asked at once, “ Why 
is the negative nitrate ion not adsoibed’” This is merely a case of preferential 
adsorption of silver ions Yet there is some adsoiption of iiitiate ions and 
when the concentration of the negative ions becomes gieat enough the colloidal 
silver iodide is discharged aud precipitated 

Foi a similar senes add 20 cc of sdver nitrate to vaiymg excesses of 
potassium iodide Adsorption of the iodide ion gives the silver iodide a nega- 
tive charge (How test for this charge?) and thus stabilizes the colloidal suspen- 
sion Road Experiments 128, 129 and 130 Washbuxn states that silver 
iodide is best peptized by potassium iodide of a concentration of 0 3N 

Exp. 42 — Make colloidal re(Orr)8 by digesting precipitated and washed 
Fe(OH)3 with FeCL Dialyze Peptization is due to adsoibed feme ions. 

Cautiously add very dilute NH4OII or (NH4);C03 to dilute FeCl, This 
neutralizes the HGl liberated by hydrolysis and distmbs the equilibrium, 
Shake until the precipitate is just rcdissolved Add a little moie FeClj if 
necessary to peptize the last of the precipitate. 

Fe| cli-h3H |0I-I 3HCH-Fe(OH), 

It is possible to got a concentration of 14 3 g. of FesOs per 
liter. If the last tiaces of chloride ions are removed by dialysis 
the colloid IS less stable. 

The hydroxides of aluminum aud chromium may be peptized 
by the proper clilorides m a similar manner. The author once 
attempted to piecipitate alummum hydroxide by adding ammonia 
to the hot solution of the chloride. It was kept hot too long and 
could not be filtered. The suspension was set aside and dated 
It did not settle for neaily three years. 

Fleshly piceipitated Al(OH )3 is peptized by onc-tenth of an 
equivalent amount of hydrochloric acid 

Exp 43, — ^Insoluble hydroxides of the type M(OH)2, when digested 
with execs, s FeCL of medium concentration and dialyzed yield only colloidal 
Pe(OH)3 This is due to mass action Of couise the feme chloiido is hydro- 
lyzed 

M(OH)j-k Fe(OH)3-k3HCl Fe(0H)3+H40-kMCL 

Try Cu(OH)a as a type CuCL goes through membrane 

Exp. 44. Prussian Blue. — Pour a 3 pei cent solution of potassium ferro- 
oyamde slowly into a 3 per cent solution of feme chloride After a few 
minutes, filter and wash well Pour through the ffltei a 6 per cent solution 
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of oxalic acid until the precipitate la peptized. Dialyze until no more oxalate 
ions are found in the dialysate This is a very stable blue sol and may be kept 
for coagulation expeiiments What is its charge? Compare with Exp 9 
Exp 46. Ferric Arsenate — ^Peptize freshlij piecipitated feme arsenate 
with ]U3t enough concentialed feme chloride. Dialyze for a long time 
Peptize another sample with ammonia For furthei infoimation, read 
Jour Am Chem Soc , 40, 1014 (1918), and 41, 713 (1919) 

Exp 46 — Fischer and Hertz (Zeitschr anorg Chemio, 31, 352, 1902) 
showed that when Gr(OH)s is dissolved in NaOH it is leally only peptized 
But NaOH will not peptize Fe(OH)3 Yet, if both hydroxides are mixed 
and treated with NaOH, some Fe(OH)3 is carried into suspension with the 
Cr(OII)3 Of couise, it was adsorbed by the Ci(OH), Vaiiations m the 
relative quantities of the two hydroxides show the limits of the action and 
thiow light on oeitain analytical lesults. Read Nagel’s papei (Jour Phy. 
Chem 19, 331, 1915) 

Use 2 per cent solutions and add NaOH m excess. 


FeCU 

cc 

Cr3(SOi)3 


10 

50 

No precipitate in several days Dark blue with 
red-green tint 

10 

30 

Some piecipitate. Gieen above 

20 

20 

More precipitate Less green 

30 

10 

Moie precipitate 

60 

10 

Precipitate darker brown Almost colorless 
solution 

SO 

10 

Brown precipitate Clear solution 

160 

6 

Brown precipitate Clear solution 
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COAGULATION 

Many colloids aie sensitive to the addition of small quantities 
of electrolytes, first becoming tuibid and then coagulating. 
Such colloidal suspensions owe part of their stability to the like 
ehaiges oaiTied by then- particles When these chaiges are neu- 
tralized by ions of opposite chaige, piecipitation may occur 

Rapid addition of an excess of a precipitating salt often canies 
a suspension past the precipitatmg point and gives it an opposite 
charge with a certain stability Hardy observed that a colloid 
was most unstable at the zsoelectnc point This point was recog- 
nized by a failure to migrate in an electric field (cataphoresis) 
and showed electric neutrality 

Hardy’s rule of valence (Schulze’s law), that the precipitating 
power of an electrolyte towards a given colloid depends largely 
upon the valence of the ion of charge opposite to that of the colloid, 
is useful m detecting the chaige on a colloid. 

Hatschek reports an experiment that illustrates this point. 


Sol 

Charge 

Precipitation Concentration 

m MiUunols per Liter 

AsjSa 

Te(OH)s 

+ i 

1 

NaCl 

NaCl 

51 0 
0.25 

CaCfi 0 C5 
TGSO,0 20 

A1CU0 09 

Still less K,Fe(CN)s 
would have served. 


Evidently the precipitating power of the A 1 +++ is hundieds 
of times as great as that of the Na+ towaids a negative colloid. 
We might have expected it to be only three times as great Simi- 
larly, the precipitating powei (the reciprocal of the concentration) 
of the SO4 is about fifty times as great as that of Gl~, towards 
a positive colloid The Ee(CN)o is still more powerful. 

Svedberg states that the concentration of K+, Ba++ and 
A 1 +++ required to aggregate particles of AS2S3 to the same degree 
stand m the ratio of 1 : 

22 
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To determine the nature of the charge, then, on any colloid, 
we need only compare the concentiations of various electrolytes 
needed to produce tm'bidity. For companson, the different salt 
solutions must be added at the same rate with the same sort of 
stirring and the same degree of turbidity secured. Since the 
precipitation depends on the concentration in the mixture, it is 
well to add rather small volumes of salt solution to much larger 
volumes of colloid. 

Exp. 47. Precipitation of a Negative Colloid.— Van Klooster suggests an 
experiment that is woith repeating 

Pour 100 00 each of the following solutions into seven beakers Add to 
each 25 oo. of dialyzed colloidal AsaSs, as a typical negative colloid 

*0 6 milli-equivalents AlCU per liter 
1 5 MgClj 

*20 0 MgCb 

60 0 NaCl 

*400 0 NaCl 

60 0 NaiSOi 

*400 0 NaiSOi 

Only the starred (*) concentrations produce clouding and coagulation dur- 
ing the working period Interpret the lesults. 

Exp. 48 — Usmg equivalent but veiy dilute concentrations of NaCl, 
BaCh and AlCL for one series, and NaCl, NazSOi and Na!>HP 04 for another, 
meaauie the minimal precipitating (or clouding) concentrations of these 
electrolytes towards suspensions of Piusaian blue, silver, nigbt blue, chro- 
mium hydroxide and feme hydroxide Piom the results state the nature of 
the charge on each colloid 

From Hardy's rule it may be assumed that HCl, NaCl, KCl, 
RbCl and other electrolytes with a univalent cation must have 
the same precipitating power towards negative colloids This 
IS only approximately true. Ions must be adsorbed before they 
can discharge colloid particles, theiefore, the umvalent ions that 
are most strongly adsorbed by the colloid have the greatest pre- 
cipitating power. This holds for a similar series of negative 
ions, etc 

Manufactunng concerns are often anxious to precipitate 
factory wastes and are given to trusting bhndly to alum This 
is not a bad guess, for most suspensions m water are negative; 
hence A1+++ with its positive valence of three must be powerful 
in precipitation. On the other hand, sulfate ions are strongly 
adsorbed by a large number of colloids, and, being negative, must 
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tend to peptize a negatively charged aggregate — the opposite of 
coagulation. Therefore, tests on preferential adsorption are in 
order in many cases 

H+ and OH- are powerfully adsorbed, as a rule, hence the 
coagulating power of acids and bases is not quite of the same order 
as that of salts in the same valence series. For example, ICCl 
and KOH have different effects on a negative colloid. The 
coagulating action of K+ is paitly counterbalanced by the great 
adsorption, and consequent peptizing action, of 0H~. 

Exp. 49. — Compare the piecipitatmg powei of equivalent ooncentiations 
of KOH and KCl on a suspension oi AszSj or of mastic 

So well is H+ adsoibed that Hardy coagulated a mastic sus- 
pension by a much lower concentration of HCl than of KCl 
This suggests an extension of Exp 49 

Organic anions are generally strongly adsorbed; hence, they 
have high precipitating value on positive colloids. Sodium acetate 
has ten times as great precipitating power towards Fe(OH )3 as 
has sodium chloride. 

Linder and Picton (Jour. Chem Soc , 67, 63, 1895) found that 
when Ba-* + precipitated AS 2 S 3 the barium could not be washed 
out of the precipitate. Yet, by continued treatment with a more 
powerfully adsorbed ion (m excess), such as NH 4 +, the Ba++ 
was completely replaced by an equivalent amount of NH<t+. 

Exp. 60. — Divide a suspension of clay or kaolin into two portions. Add 
a few drops of a solution of alum to one Does the difference m time of 
settlmg suggest a use of alum in water puiification’ What must be the 
effect of salt water in the Gulf of Mexico on the suspended soil oairied by the 
Mississippi? 

Exp. 61. — Coagulate HgS by the dye, auramme, which is strongly 
adsorbed. On long standing the colloid becomes crystalline, thus exposing 
infinitely less surface If the cogulated and washed dye is left m clear watei 
it will finally be seen diffusmg away fiom the crystalline mercuric sulfide 
Read m this connection Ifreundlich’s papei, in Zeit phys Chem., 86, 660 
(1913), 

A splendid paper on the mechanism of coagulation was pub- 
lished by Kruyt and van dor Spek m Koll -Zeit , 25, 1-20 (1919). 
A good r^sum4 of this is found in Chemical Abstracts, 14, 1472 
(1920). 

Kead the coagulation rules of Burton and Bishop (Jour Phy. 
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Chem 27, 701, 1920). Weisor and Nicholas (Jom’. Phy Chem. 
25, 742, 1921) show that these rules are of limited application 

Wo. Ostwald’s thorough study of the colloidal dye, Congo 
Rubin (KoU Beihefte, 10, 179, 1919) is a useful contribution 
to the subject of coagulation 

There is a second class of colloids not coagulated by elec- 
tiolytes m low concentiation This class includes glue, gelatin, 
agar, albumin and jeUy-hke or gummy substances They can, 
however, be salted out by high concentrations of ammonium 
sulfate, for example, or coagulated in some instances by heat or 
by ceitain acids Heie we must be careful m malang exact 
general statements Bridgman (Jour. Biol. Chem., 19, 577, 1914) 
states that egg albumm is coagulated at some temperatures by a 
pressure of 7000 atmospheres. 

Exp. 62 Coagulation by Heat — Heat 20 cc of dilute egg-albuinin to 
boiling Some of it coagulate.? The coagulation can be completed by addi- 
tion of 2-4 drops of acotic acid while boihng 

Exp 63. — ^With a pipette, cautiously introduce a httle albumm solution 
into an inclined tube contaimng a few cc of concentrated mine acid At 
the zone of contact a white layoi of precipitated albumm appears This is a 
veiy delicate test for albumm 

Exp. 64. — Add satuiated ammonium sulfate solution to a dilute solution 
of albumin There is no precipitation until an equal volume has been added, 
and It is not complete imtil more is added, or until 10 cc of the mixture 
contains 6 S cc of the saturated ammonium sulfate solution 

Solid ammonium sulfate may be added direct to the albumin solution 
until satuiated (below 40°) Wlien water is added to the coagulated albumm 
(thus dilutmg the ammonium sulfate) the albumin goes mto suspension agam. 
In other words, it is reversible. 

An inteiesting precipitation and crystallization method of 
purifying albumin is found in Taylor’s “ Chemistry of CoUoids,” 
page 114 (1915). 

Duclaux and WoUman (Bull Soc , Chem. 27, 414, 1920) by 
fi actional precipitation of an acetone solution of cellulose nitrate 
with cautious addition of water secured fractions of different 
viscosities but constant nitrogen content 

Read Bancroft’s “ Apphed Colloid Chemistry,” pages 212-223, 
as a reference for this entne chapter. 

Exp. 66. Cataphoresis —The natuie of the charge on suspended particles 
may be determined by their migration m an electric field (macroscopically or 
ultia-microscopically) Coohn (Zeit Elektrochemie, 16, 653, 1909) used a 
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large U-slmped tube with two stopcocks of the same bore as the tube itself 
The tube was filled with the suspension, stopcoclcs closed, the ends rinsed and 
filled with water After platinum oi silver electrodes were hung in the water, 
the stopcocks weie opened and a direct cunent of 100-200 volts turned on 
If the ooloi boundary smface moved slowly to the anode the colloid was nega- 
tive, etc Carbon electrodes may bo used. 

A simple device may be prepared from a U-tube with an inlet tube at the 
bottom and a funnel attached to it with a lubbci tube, which may bo closed 
with a screw clamp In filling, great caution is necessary to prevent mixing 
of the colloid with the water layci above in each arm of the U. Read Zsig- 
mondy’s " Chemistry of Colloids,” pages 44-50. 



Tiq 4. — Cataphoresis. 
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Exp. 66. Protected Silver Bromide. — Mix 20 cc of 0 1 N silver nitrate 
with 20 oc. of 0,1 N pota.ssium bromide Set aside until the silver bromide 
precipitate settles out To 20 ec of the same silver nitiate add 2 cc of 
1 pei cent gelatin and then 20 cc of the potassium bromide , Compaie the 
two suspensions as to time of setthng 

Exp. 67. — Repeat Bechold’s exiicriment with mastic (Zcit Phy Chein , 
48, 408, 1904) To 1 cc of a mastic suspension (see Exp 6) mixed with 
1 00 of 0 1 M MgSOi add 1 cc of watei Coagulation will be complete in 
15 minutes Now add 2 drops of 1 per cent gelatin solution to a mixtuie 
of the mastic and MgSi solution before diluting with watei There should 
be no precipitation in 24 hours Also tiy addition of the gelatin directly to 
the mastic before mixing with MgS04 

Such substances as gelatin, casein, albumin, agar, dextiin, 
gum arable and glue interfere with the precipitation of many 
insoluble compounds In fact when added in absolutely small 
but relatively large amounts to a colloidal suspension they “ pro- 
tect ” that colloid from the precipitating action of electrolytes, 
up to a certain point which can be determined accurately Hence 
the name, " piotective colloids.” 

In relatively small amounts they cause precipitation if they 
have the opposite sign Yet Clayton coagulated several emul- 
soids by the addition of a relatively small amount of staich paste, 
although these colloids carried a charge of the same sign as the 
starch 

Exp. 68. — Prevent the precipitation of a number of the usual compounds 
so familial m qualitative analysis by addmg a little of any of the protective 
colloids named above to one of the salt solutions before nuxmg with the other 
salt solution Why do you “destroy oigamc matter” before prooeedmg 
far in analysis of some mixtures? 

Exp. 69. — ^To 60 cc of colloidal Ec(OH)3 add 2 cc of 1 per cent gelatin, 
and compare the volumes of 0 05 N sodium sulfate required to precipitate the 
colloid with the amounts that precipitate unpiotected Pe(OH)3 
27 
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Zsigmondy measm-es protective power by the “ gold number.” 
The following quotation is taken from his “ Chemistry of Col- 
loids ”• 

“ By the gold number we shall understand the maximum 
number of milligrams of pi otective colloid that may be added to 
10 cc of gold solution without pi eventing a change from led to 
violet by 1 cc of a 10 per cent solution of sodium chloride, where 
the change would take place if no protective colloid were added. 

“ For the dotermination of the gold number, hydrosols pie- 
pared by the formaldehyde method, having particles lying between 
20 and 30hai, are the most smtable The correct degree of sub- 
division may be known by a faint browmsh opalescence in incident 
light; in transmitted light the solution must bo deep red and clear 
If tho protective effect of the colloid in question is approximately 
known, it is wise to dilute until a few tenths of a cubic centimeter 
will prevent the color change If the effect is quite unknown it 
should be roughly determined before aocuiate measurements are 
attempted.” 

TABLE I 


CoUoid 

Gold Number 

Reciprocal 
Gold Number 

Gelatin and glues 

0 005-0 01 

200-100 

Isinglass 

0 01 -0 02 

100-50 

Casein 

0 01 

100 

Gum arable, good 

0 15 -0 25 

6 7-4 

Gum arable, poor 

0 5-04 

2 -0 25 

Sodium oleate 

0 4-1 

2 5-1 

Tragaoanth 

2 (about) 

0 6 (about) 

Dextrin 

f 6-12 

0 17-0 08 

\ 10-20 

0 1 -0 05 

Potato starch 

25 (about) 

0 04 (about) 

Silicic acid 

00 

0 

Aged stannic acid, 

00 

0 


Exp 60. Gold Number. — “ 0 01, 0 1 and 1 cc of the solution whose pro- 
tective effect IS to be delermmcd (a, b and c) are put into thioe small beakers 
and thoroughly mixed wth 10 cc of gold (‘ Zsigmondyts gold ’) solution 
At the end of three minutes 1 cc of a 10 per cent sodium chloride solution is 
added to each, and the contents well mixed Assuming that there is a color 
change m (a) but not m (6) nor (c), the gold number must ha between 0 1 and 
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0 01 For more accurate determinations, 0 02, 0 05 and 0 07 cc of the pro- 
tective colloid should be taken, and the piocedme repeated Pi'om the 
following table it will be gathered that the gold number varies greatly, and 
can, therefore, be used to characterize this class of substances ” 

Gelatin IS unexcelled as a protective colloid, but Paal has pre- 
pared protective material of about the same power by heating 
albumin with sodium hydroxide He seem-es what he calls 
“ sodium lysalbinate and sodium protalbinate ” His patents 
cover the use of this material. 

Exp. 61. Paal’s Copper — ^Add concentrated NHiOH to freshly precipi- 
tated and washed Cu(OH)2 to form a soluble blue complex. This device cuts 
down the concentration of ions from a coppei salt Filter It is best to add a 
httle less than enough NH4OH 

Add from 1 to 15 cc coppei solution to 50 cc of 2 per cent egg albumin 
Sols ranging in color from red to blue are obtained 

Paal also advises mixmg 20 g of powdered egg albumin with 20 cc of 
16 per cent NaOH, and dilutmg to 1000 cc Heat to boilmg and filter Boil 
again, addmg 1 per cent CUSO4, diop by drop, getting coloied sols Dialyze 

As a class, the protective colloids are not very sensitive to 
electrolytes, and so have emulsoid properties. Some authorities 
agree with Zsigmondy and Becliold that they act by foimmg a 
film around each colloidal particle and thus preventing coalescence 
of the gold or other particles to be protected Others hold that 
protected and protective particles adsorb each other. In any 
event, irieversible coUoids, such as silver, may be evaporated to 
a solid in the presence of a protective colloid (usually gelatin) 
and then ledissolved m water. Such silver preparations as 
“ collargol ” and “ argyrol,” so much used in medicine, arc of 
this nature 

Exp. 62. Carey Lea’s Silver. — Make a solution of 4 g, commercial dextrin 
and 4 g pure sodium hydroxide in 100 cc of water Add 20 cc of a 16 per cent 
silver nitrate solution. In half an hour the dextrin will reduce the silvei oxide 
formed, yielding a leddish-biown sol Precipitate it with 100 cc of 96 per cent 
alcohol Let it stand a short time to settle, and then decant the turbid hquid 
from the silver sediment This silver leadily disperses in a larger volume of 
water (the alcohol is greatly diluted) When sufificiently diluted, it is clear 
by tiansmitted light but greenish black by reflected hght It is very stable 
The dextrin acts both as a reduemg agent and as a piotective coUoid 

In the commercial manufacture of ice cream, a little gelatin 
IS added as a protective colloid, to give a smooth, velvety taste. 
The gelatin prevents the formation of gritty little ice crystals. 
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It is probable that protective colloids aic present in many alloys 
The lactalbumm of miUc has a high protective value, of importance 
m coagulation Mother’s milk has a liigher percentage of lac- 
talbumin than has cow’s milk — a significant fact. Jerome 
Alexander and others advocate the addition of a vciy little gelatin 
or gum aiabic to cow’s milk used m infant feeding. Aftei such 
addition the coagulated curd formed in digestion is of a looser 
texture and more leadily digested. 


Exp. 63. Selenium. — Dissolve 1 g selenium diOMclc in 500 cc of watei 
To 60 00 of this solution (hot) add 10 cc of 1 pel cent gelatin and then, diop 
by drop, 80 cc of hydrazme hydrate (1 . 2000 of watei) Keep ju&t below 
the boding point for Iilteen minutes A beautiful soft peach-pmk color ap- 
pears Without the protective action of the gelatm the colloid soon pre- 
cipitates. but when made as above it may be kept foi yeais 

Exp. 64. Color of Photographic Images m Relation to Dispersity of Silver 
and Initial Nucleation.' — As Zsigmondy showed, the mitiation of leduction 
in gold 01 silvei contammg reduction mixtures is oatalytically accelerated by 
the addition of coUoidal gold, m such a way that, by the addition oi gold 
sols of different dispoiaity to the lednction mixture, sols of very different 
dispersity (subdivision) are obtamable 

Luppo-Cramci, in the KoUoid Zeitschrift, drew attention to these experi- 
ments and oonfimod them for the case of colloid silver action on a silvei-reduo- 
ing mixture m gelatm 

The gelatm is pmified, by ten washings with distiUod water, fiom elec- 
trolytes, especially chlorides The colloid silver used is prepared according 
to Carey Lea’s dextrin, method and purified by precipitation with alcohol, 
as in the prepaiation of colloidal gold 

In each expeiiment, 100 qc of 10 per cent gelatm extract are diluted with 
400 CO of watei , daylight is then excluded, and 20 cc of 10 per cent silver 
nitrate are added to the solution at 25°, and the solution is divided into 6 
parts oi about 100 ec each Then poitions of 0 05 per cent colloid silvei arc 
added as follows, 4 cc of 10 per cent alcoholic hydroqumone being added to 
each. 


Mixture 

(а) No colloid Ag 

(б) 0 5 cc 

(c) 2 0 cc 

id) 6 0 cc. 

ie) 10 0 cc 


Color 

Blue-gray 

Blue 

Blue-violet 


Ruby-red 

Yellow-brown to yellow (diluted) 


The reduction is more rapid, according to the silver added Results 
may be observed after tlnrty minutes Dilute, if necessary, to see the colois, 
The lesults arc stdl better seen if the sol is finally diluted with an equal 

1 Contribution by S B Sheppard, Eastman Kodak Co. 
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volume of 10 per cent gelatin and coated as a thin kyci on glass On drying, 
the color changes observed by Krrehner and Zsigmondy (Annalen der Physik, 
16, 573, 1904), Sohaum and Schloomann and others with. Lippman emulsions, 
etc , are observed 

On drying — » 

Yellow <=^ red blue 
On moistenmg t~ 

The addition of colloid gold in. incieasmg pioportions has a similar effect 
in that an even gieatei acceleration is produced, but the color stages are the 
same as foi silvei additions Liippo-Cramer points out that not all photo- 
graphic developers aic suitable for the cxpeiiments. 

From -Ihobo experiments, it follows that the color of reduced 
silver passes, with increasing amount of nucleai material fiom 
blue violet — > red — > yellow. The deduction is sunple. In the 
mixture with most nuclear material, the nascent silver finds the 
greatest number of aggregation (crystallization) centers. As the 
amount of silver formable by reduction is limited, the increase in 
number of centers can only be at the expense of the size of particle. 
Since, however, with increasing number of nuclei the color passes 
from blue — > red — » yellow, the paiticle size must increase from 
yellow — > red — ^ blue, which agiees with photographic experience. 
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SOLVATED COLLOIDS 

Wo Ostwald classifies colloids as susponsoids and emulsoids. 
Suspensoids arc dispersions of solid particles in a liquid, and 
emulsoids, he states, are dispcisions of a liquid in a hquid Ostwald 
divides emulsoids into two subdivisions, the ordinary type of 
emulsions and the type represented by gelatin, agar, glue, albumin, 
alkah soaps and silicic acid 

This latter class is distinguished by relatively high viscosity 
as compared with equal concentrations of suspensoids, and by 
comparative indifference to low concentrations of electrolytes. 
The classification given hero is challenged by a number of chem- 
ists, but it IS difficult to draw hard and fast lines. The smaller a 
drop of liquid the more rigid it is, finally taking on the properties 
of a solid particle Some substances may be prepared in both 
the suspensoid and the cmulsoid state. Even barium sulfate 
has been prepared as a jelly 

The emulsoids of high viscosity arc hydrated, or solvated, since 
other liquids than water may be used How else could we secure 
sohd jellies with less than I per cent of the coEord and over 99 
per cent of water, as has been done in some instances? In fact, 
Goitner prepared a jelly, discussed later in the chapter, containing 
99.8 per cent water By solvation we mean that much of the 
solvent IS firmly held by the colloid. It is not necessary to assume 
that a compound is formed, but merely that hquid is powerfully 
adsorbed It seems to the author that adsorption of water, for 
instance, may hold layers of water in a condition approaching the 
solid state Such adsorption greatly mcrcases the bulk of emulsoid 
particles, and if by this means the remaining mter-particle space 
is reduced to capillary dimensions still more solvent may be 
loosely hold 

When viscosity is plotted against concentration, we find that 
a straight line represents the suspensoids and a curve the emulsoids. 
The straight line faUs well below the emve since at equal con- 
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centrations the emulsoicls are far more viscous than the suspen- 
soids 

Solvated colloids aie often called hydiophile (water-loving) or, 
in general, lyophile. Typical non-solvated suspensoids are called 
lyophobe. 



Bancroft uses the term gel to include both gelatinous precipi- 
tates and jellies. He considers that a gelatinous precipitate is 
always viscous, contains hquid and settles out at once, leaving 
supernatant hquid. A jelly, he affirms, does not separate hquid 
at first, although it may m time 

Without doubt, jellies have a regular structure of some kind, 
usually requiring a very appreciable time to develop Gelatinous 
precipitates form instantly and have but little regularity of struc- 
ture and but httlc optical clearness as compared with jellies 
Moreover, jellies possess some ligidity and elasticity. 

When a suitable mixture of sodium sihcate and acid is dialyzed 
while fresh, silicic acid passes through the membrane for a time, 
showing that at first the silicic acid is moleculai-. Later the 
mixture loses its water clearness and, stiU later, sets to a sohd 
jelly. This gives a clue to structure. The highly hydrated aggre- 
gates are probably roughly spherical, since there is but httle 
chance of orientation with S1O2. With soap gels, however, and 
gelatin, too, a filamentous or foiked-cham structure is possible and 
probable. The unlike groups in long molecules may join. 

Exp. 66. Solid Alcohol. — ^BaskerviUe patented a clever pioceas of making 
solid alcohol. Mix, by tossing from one beaker to another and back again, 
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90 cc of 95 per cent alcohol and 10 cc of a •saiiirated aqueous solution of 
calcium acetate A ]elly sets instantly Cut out a cube and set flie to it 
Let some of the jeUy stand m a corked bottle In a day oi two it bieaks 
down into little gramdes floating around m liqmd This suggests that the 
oiigmal jelly was made up oi highly solvated coalescmg spheies Volumes 
of 85 and 16 cc will serve as well In lact, some other liquids may be substi- 
tuted for alcohol Try acetone, methyl acetate, etc But the solution of 
calcium acetate must be satuiatod, beyond question Baskeiville stabilizes 
his jelly by addition of 0 5 per cent of stearic acid 

Exp. 66. — Heat 5 cc of anihne with 95 cc of water to 100“ Theie is but 
one phase On ooohng, minute drops containing ovci 90 per cent aniline 
(wet aniline) separate, and a milky emulsion results Now heat very dilute 
agar Examine a little as it cools, imdcr the microscope Minute drops 
appear If moie concentrated agar is used, those minute drops coalesce to 
a sort of notwoik tlirough which the lesl of the liquid can ft eely pass Walkei 
states (Physical Chemistiy, 231) that these diops are a solution of agai more 
concentrated than the suwoimding liquid Hnidy oonsidcis a concentrated 
gelatin jelly as a system of drops of water in a gelatm-iich phase 

Maitin Fischer considoi's that hydiated colloid paiticles separate fiom 
water containing little colloid but drops of watci containing colloid sepaiato 
from watei containing a much lughei concentration of the colloid 

Exp. 67 Silicic Acid Jelly — ^Dilute commercial water glass (INaaO : 

S 6 S 1 O 3 ) of about 1 39 density to 1 ; 10 density Pour some of this into an 
equal volume of N acetic acid Mix quickly and let stand. Note the opales- 
oenoe preceding the set to a jelly Make 100 cc of this, cut it out caiefully 
and allow to dry foi weeks Observe the changes In this connection, read 
Zsigmondy’s “ Chemistry of CoUoids,” 137-162, and Banoioft’s " Applied 
Colloid Chemistry,” 240-251 An article on “ Silicic Acid Gels,” by the 
author of the present volume, in Jour Phys Chem , 22, 510 (1918), may be 
useful, 

Exp 68. Vibrating Gels. — Pour water glass diluted to 1 15 density 
into an equal volume of 6 N HCl Mix quickly and pour into test tubes 01 
into 100 00 bottles so that they aie only half full Cork the tubes Aftci a 
few days, see if the bottles vibrate musically on being held lightly by the 
top and tapped smartly against wood. Test tubes are lapped on the top with 
the fingers 

Try the same experiment after first grcasulg the tubes or bottles heavily 
with melted vaseline Compare these jellies with the above aftei a week or 
so All tubes must be coiked to check evaporation See ” Syneresis " in 
the article mentioned below 

The pitch of vibration varies mveisely as the diameter of the tubes, that 
IS, the gel vibrates as a ngid body, as a suspended bar of non would do when 
struck with a hammei The vibrations are tiansverse Rigidity is secured 
by tension The gel adheies strongly to the glass tube and thus, in attempting 
to contract, must be under eonsideiable tension Sihcic acid does not adheie 
to a vasehned surface, hence, m the greased tubes, the gel is free to contract 
and does so, to an astonishing extent. For fuithei details, read the paper by 
Holmes, Kaufmann and Nicholas, Jour. Am. Chem. Soc , 41, 1329 (1919) 
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Exp 69. Syneresis. — The gels in the vaselmcd tubes of the preceding 
expoTiment separated consideiable water, or rathei a solution of everything in 
the gel This spontaneous separation of liquid fiom gels is railed syneresis 
All gels exhibit the phenomenon, but it is moie extreme in some instances than 
in othors The formation of “ curds and whey ” iiom a umfoim gel is a 
familiar instance 

Mix equal volumes of a water glass of 1 12 density and 0 S N citric acid 
and let stand in a coiked tube to “ set ” and " synerize ” 

Eurthei discussion of s3uicrcsis may be found m the reteience given m the 
preceding experiment 

Exp 70. Barium Sulfate Gels — Von Wcimarn states that any very dif- 
ficultly soluble salt will sepal ate as a gel if made by mixing sufficiently con- 
centiatecl solutions It is essential that enough of the salt be precipitated 
in a medium in which its solubihty is sufficiently slight This slight solubility 
may be secured in some oases by addition of considerable alcohol to the 
aqueous solutions 

Mix equivalent quantities of satuiated aqueous solutions of barium 
thiocyanate and manganese sulfate On long standing, the gel changes to the 
usual form 

SOAPS 

The brilliant work of Martin H. Fischei on the colloid chemistry 
of soaps has been brought together in a recently pubhshed book, 
“ Soaps and Pioteins ” (John Wiley & Sons). Most of the 
material m this section has been taken from that book. 



Fia 6 — Vfater-lioldmg capacities of the palmitates of potassium, ammonium, 
sodium, magnesium, barium and lead, 

Exp. 71 — Determme the water-holding capacity of sodium stearate and 
of sodium oleate as desciibcd by Fischer “ Unless otheiwisc noted, we 
pi spared all our soaps m exactly the same way, by neutralizing a definite 
weight (one mol) of the pure fatty acid with a chemically equivalent amount 





36 


COLLOID LABORATORY MANUAL 


of the hydrotido, o^adc, or carbonate m a unit volume (one liter) of water, 
keeping the whole mixture at the temperature ol a boiling-water bath until 
union between the acid and base had been accomplished Care was taken 
to prevent or make good any loss of watci fiom the leaction mixture while 
in the bath This gives ua a umt weight of puie soap m the presence of a 
unit weight of watei The mixtuie was cooled to 18° and the yield of soap 
weighed When the entiic mixture became gelatmous or solid we considered 
that all the watei had been ‘ absorbed ’ by the soap (This statement is 
qualified elsewheio ) When 'fiee’ water began to appear above the soap, 
the weight of the theoietical yield of ‘ diy ’ soap was subtiacted from the 
weight of the soap as pioduced, tho difference being expressed as per cent 
of water ' absorbed ’ by the soap m terms of the weight of the theoretical 
‘ dry ’ yield 

“ Sodium caproate may be taken ns the first soap m the senes (acetic acid 
series) to show any watei-holding powei 

1 mol sodium laui ale holds 4 hters of water 
I mol sodium myiistate holds 12 liters of water 
1 mol sodium palmitate holds 20 liters of water 
1 mol sodium maigaiate holds 24 liters of water 
1 mol sodium stoaiatc holds 27 liters of water 
i mol sodium aiacludatc holds 37 liters of water 

“ The watei-holdmg power of the oleic acid series is much less One 
ginm-molecule of eodium oleate holds only one Uter of water, as does one 
gram-molecule of sodium hnoleate ” 



Fig 7 — Water-holding capacities of the oleates of ammonium, potassium, 
sodium, lithium, magnesium, calcium, mercury, lead and baimm One 
mol of soap to one htcr of water. 


Exp. 72. — Test part of this experiment “ We added water to 1 g each 
of carefully dried soaps until, after solution m a hot-water bath, a diy gel 
was no longer obtained on reducing the temperature of the mixtuie to 18°. 
The actual amounts of water taken up by the higher members of the senes 
per gram of soap are shown graphically in Fig 11.” 

Exp. 73. Soap with Alcohol — 'Add to unit weights of tatty acid the neces- 
sary chemical equivalent of 0 5 N sodium hydroxide m absolute alcohol Keep 
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m the water bath at 75° and add absolute alcohol to each until on cooling to 
18° a “ dry ” gel is no longei obtained In other words, if the soap-alcohol 
system lemams liquid or shows “ syneiesis ” it is held that its gelation limit 
has been reached. 



Exp. 74. Soap with DiSerent Alcohols — The tendency of the vaiious soaps 
to yield lyophilic colloids gioivs (1) ivith the complexity of the soap m any 
given senes and (2) with the complexity of the alcohol used in the system 
Examine Figs 18 and 27 in “ Soaps and Pioteins ” 

Other solvents can be used, such as the xylenes, ether, bcnzalclehyde, 
turpentine, gasoline, heptane and amyl acetate 

Gel Structure.— Fischer states that at higher tempeiatures we 
have solutions of soap-m-watci, while at lower tempeiatures the 
system changes to one of watei-m-soap Between these extremes 
we have various mixtures of solvated soap m soap-watei or of 
soap-water in solvated soap. Examine the interesting diagrams 
on pages 70-71 of Fischei’s book 

The Use of Indicators m Soap Solutions. — Fischer points out 
the fallacy of the usual indicator method in titrating fatty acid 
against standaid alkah (pages 77-81) 
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Exp. 76. — Place a drop of phenolphthalom on a sodium stearate/water 
gel It remains uncolored Squeeze the gel to break the structure of the 
encircling hydiated sodium stearate film As the enclosed solution of soap-in- 




Warm a concentrated sodium oleate solution, which at ordinary tompera- 
tuies fails to color phonolphthalem On being waimed, it turns pink This 
may be said to be due to increased hydrolysis, yet such a temperature marks a 
displacement in the system from a solution of the solvent in the soap to one of 
the soap in the solvent 

Add a drop of phenolphthalom to au ordinaiy (16-30 pei cent) “ solu- 
tion ” of sodium or potassium oleate m water Is there any color? Now 
pour water down the side of the mclmed tube producing a graded dilution 
of the soap “ solution ” What happens? 

Read page 88 in Fischer’s “ Soaps and Proteins ” for the dis- 
cussion of mixtuies of soaps, pages 110-116 on the “ salting out ” 
of soaps; pages 150-160 on the foaming, emulsifying and cleansing 
properties of soaps; and pages 163'-201 on the colloid chemistry 
of soap manufacture. 
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Fischer mentions a number of other hquids, in addition to 
water and the various alcohols, that solvate soap The author 
of the present volume has made many veiy beautiful jellies 
using soaps m some of the common lubricating oils 

Exp 76 Soap-oil Gels — Dry sodium stearate (any hard white bathsoap 
will serve) at 00° m an air bath Make a 2 5 pei cent solution in the com- 
mercial lubricating oil called “ Veedol ” oi m any petroleum fraction of a 
high flash point Heat to 200° if necessary to get a cleai liquid Compare 
with a 0 S per cent solution of sodium oleate in “ Veedol ” or in “ Arctic ” oil 
When these solutions cool, solid gels of beautiful clearness are obtained 

McBain and his associates have pubhshed valuable papers on 
the soaps Read his chapter m the Thud Report on Colloid 
Chemistry pubhshed by the British Association. McBain and 
Martin (Jour Chcm Soc., 119, 1369, 1921) determined the degice 
of hydration of soap' cuid by salting out the curd in the presence 
of a laiown concentration of sodium sulfate and determining the 
increase m concentiation of the sodium sulfate This increase was 
due to the fact that soap absti acted some of the water from tho 
solution, in other words, became hydrated. 

This method of investigation, although tedious in the case of 
soap solutions, is worthy of a more general apphcation to the 
study of solvated coUoids. 

McBam also beheves that the degree of hydration of the fibers 
of soap curd depends almost entiiely upon the vapoi pressure of 
the solution with winch it has been in contact, being least for the 
most concentrated brmes. His dew-pomt method for measuring 
vapor pressure is given in Jour Am. Chem Soc , 42, 426 (1920) 
and in Proe Roy. Soc , 97 [A], 44 (1920). 

McBain and Salmon proved that the concentration of OH~ 
in soap solutions is only of tho order of OOOlN. They further 
state that the conductivity of soap solutions is due to the ionization 
of the soap itseh In dilute solutions soap is m true solution 

Martin H Fischer’s papers m Science, 48, 143 (1918) and 49, 
615 (1919) give a brief summary of a number of his findings 

Exp. 77. Pectin Jelly. — The white rmds of citiua fruits, apples and a 
number of other fruits are rich m a carbohydiate called pectin. It may be 
isolated as a white powdei, soluble m hot watei 

Boil the white peel of any citrus fimt m water Filtei and coagulate the 
pectin with alcohol. Wash and dry Make an imitation fruit jelly by boiling 
a few minutes water containing 1 pei cent pectin, 0 5 per cent taitario aeid 
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and thiec-foitrtte ot this volume of diy sugar Fiuit jellies need pectin, an 
aoid and cane sugar Boil mitil the teinpeiatme leachos 105° 

Rend Jour Ind Eng Chem., 12, 558 (1920), Jom Phys Chcm , 20, 033 
(1916), Jour Ind Eng Chem, 1, 333 (1009); 2, 457 (1910) 

C A Pcteis slates that when the acid concentiation is equivalent to 
0 3 pel cent sulfuric acid he gets the best gel structmo Less acid is poor, 
and mole is no bettei than 0 3 pci cent A definite ratio of sugar to pectin 
is desirable As the peicontage of pectin met eases, so does the amount ot 
sugar needed to make the stiffest gel One volume, or less, of 05 per cent 
alcohol coagulates a concentrated pectin solution 

Di-benzoyl Cystine Gel.-— Theories of gel structure must take 
account of the icmarlcable di-benzoyl cystine gel recently pieparecl 
by Ross Aiken Gortner and Walter P Hoffman Breiizinger 
(Zeit physiol Chemie, 16, 537, 1892) was the first to study this 
gel 

Cystine is prepai-ed from hmnan hair by hydrolysis with hydro- 
chloiio acid Suspend 2 g of cystine in 100 cc, of watei and add 
10 per cent sodium hydi oxide until the aimno acid dissolves 
Then add 10 g of benzoyl chloride and enough sodium hydroxide 
solution to make a total of 6 g Shake vigoioualy until all odor of 
benzoyl chloiide is gone 

Acidify with hydrochloric acid. The solution sets to a stiff 
gel which should be bioken up by agitation and drained by suction 
on a Buchnoi funnel for several houis. Wash the felt of ciystals 
with watei RecrystaUize from diluted alcohol Long, silky 
needles, melting at 180°-181° are seemed. 

Those needles aie insoluble in watei and do not contain water 
of crystallization They arc soluble in most organic solvents 

Bronzinger states that if the allcaline solution from 2 g of 
di-benzoyl cystine, as above noted, is chluted to 3 hters and then 
acidified with hydrochloric acid a rigid gel results, with no fieo 
water to pour off Bronzmger claims a good gel m which only 
0 125 ot 1 per cent is di-benzoyl cystine and the rest is water. 
This is startling, considering that the substance has no hydro- 
phyhc propel ties 

Exp 78, — Gortoei’s method is diffeient lie dissolves 02 g of puie 
di-benzoyl oystme m 6 oc of 95 per cent alcohol He adds hot water slowly 
(keeping the solution boilmg) to a volume of 100 cc The beaker is ooveied 
and set aside to cool In two to three hours a transparent gel, as rigid as 5 per 
cent gelatin, is formed After- seveial days opaque nuclei of stellate groups 
of needles appear, and syneresis is noticeable. 
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This gel reminds us of Wo Ostwald's statement that castor- 
oil soap f 01 ms almost a sohd gel in watei at 0 1 per cent concen- 
tration if a certain amount of alkali is present Further examples 
of this sort aie detailed by W Dohle, Koll -Zcitschr , 12, 73, 1913. 

Cuprimucate Gels. — Pickeiing (Trans Chem Soc., 99, 176, 
1911) prepared and studied a most interesting gel of /3-cupnmueato. 
The precipitate, made by simple double decomposition, was prac- 
tically insoluble in water On being heated to 100°, it retained 
4 H 2 O, liut at 120° it became anhydious 

On the addition of a solution of potassium hydroxide, a blue 
solution slowly forms About 1 59 equivalents of the base for 
each copper atom must be added befoie any alkahmty is shown 
Unless very dilute, this solution turns into a gel in a few minutes 
Only when the percentage of copper is 0 5 or less can the gel be 
filtered, even if hot It may be boiled without decomposition 
Alcohol coagulates the blue solution 

When a weak gel is filtered under pressure it passes thiough the 
paper, forming a shghtly cloudy filtrate, which gclatimzes again 
in a day or two. The same cloudy “ solution “ may be secured by, 
merely shalcmg a weak gel 

A lump of the gel on a porous tile loses liqmd, but a sohd residue 
lomains The gel disintegrated by shaking is completely adsorbed 
by the porous tile 

Cupnquinato gel is discussed by Picketing in the above 
lefeience 

Ceric hydroxide gel is dcsciibed by Fernau and Pauli (Koll. 
Zeit., 20, 20, 1917). 


CELLIILOSE SALTS 

Exp 79. Saturate concentrated hydrochloric acid at 0° with additional 
hydrogen chloride This yicld.s a 43 or 44 per tent solution Stir diy 
shredded fillei paper into this solution It dissolves (probably as an oxonium 
salt) Even acid of 1 209 density dissolves cotton 01 paper in 10 seconds 
at room tempeiatuies and moie slowly at 0" 

This IS an example of equilibrium, for in any concentration of the acid 
below 40 per cent the cellulose does not dissolve The mass action of sufficient 
hydiogen chloiide is necessary to overcome hydiolysis 

After fifteen minutes pour a portion of the solution mto an excess of i\ater. 
A colloidal precipitate of hydrated cellulose is produced, due, of course, to 
hydrolysis of the oxomum salt Aftci thiity minutes pour anotliei portion 
of the oiigmal solution into watei The amount of precipitate is much less 
because of a change to dextrm and dextiose (a mere depolsrmerization of the 
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cellulose) After one hour pour another portion into vvatoi, and after two 
hours repeat the experiment Examine the senes of products thus obtained 
for dextiQSe, by Eehlmg’s test After two horns’ hydrolysis all the cellulose 
has been converted into dextrose Adapted from Willstatter and Zech- 
meistei (Bei 46, 2401, 1913 ) 

This IS the leversal of photosynthesis, by which plants build 
formaldehyde into sugars aud those into starch and cellulose 

A paper by H E Williams, “ Theory of the Solvent Action 
of Aqueous Solutions of Neutial Salts on Cellulose ” (Memoiis 
and Proceedings of the Manchester Liteiaiy and Plulosophical 
Society, 65, 11, No. 12, 1921) is so striking that it was felt woith 
while to quote at some length Not one but many interesting 
experiments may be devised by the student from the suggestions 
in the papei Viscosity may be plotted against boiling points 
with convincing effect 

“ The solution of cellulose in an aqueous solution of a neutral 
salt IS aidcpondcnt of the chemical natuie of the salt, but is largely 
dependent upon the physical properties of the salt solution For 
such a solution to dissolve cellulose it must consist of a liquid 
hytUaie — an associated molecular complex of salt and watei 
But this complex must be of such an oi dei that it has a viscosity 
above a certain minimum and a positive heat of dilution between 
well-defined hmits. 

“ Before an aqueous solution can dissolve cellulose it must 
have a boiling point of 183® C. or over and a viscosity at 100° 
of 3 3 tunes that of water at 20°. 

“ Solution of chemical wood pulp may be obtained in most 
oases below the boiling point of the salt solution, but in all cases 
it is neccssaiy to heat the mixture to a minimum tempeiature 
varying fiom 90-133°, depending on the particular salt used. 
With pure neutral calcium thiocyanate solution boiling at 133°, 
solution of cellulose may be obtained by heating to 90°. 

" Solutions of calcium chloride can be made which have the 
necessary viscosity and boding point but they do not dissolve 
cellulose 

“ If one of the necessaiy preliminaiy conditions before the 
cellulose dissolves is the hydration of the cellulose, it is evident 
that if the water present m the aqueous solution is attached to 
the salt with too great an affinity it will not hydrate the cellulose 
and no solution of the cellulose can result 
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“ Concentrated calcium chloride solution has a very high heat 
of dilution, therefore it has too sliong a dehydrating action to 
dissolve cellulose 

“ Since calcium chloride with so large a heat of dilution was- 
a non-solvent for cellulose, it was thought possible that if a cal- 
cium thiocyanate solution could be made concentrated enough, 
a point should be reached when its heat of dilution would be so 
great that it would cease to be a cellulose solvent Expeiimental 
evidence showed this to be true for a solution concentrated to 
a boiling point of 150° and over At this point no cellulose was 
dissolved even after heating for some tune The addition of a 
veiy small amount of watei, sufiScicnt to drop the boiling point 
of the solution to 148° caused the cellulose to dissolve lapidly 

“ A solution of sodium thiocyanate fails to become a cellulose 
solvent because of its low viscosity The addition of other salts 
that will cithci not affect, or will not inciease the heat of dilution, 
and at the same time will increase viscosity, should convert the 
solution of sodium thiocyanate into a cellulose solvent A very 
lai ge number of such additions can be made, such as sodium zme 
thiocyanate, sodium manganese thiocyanate, aluminium thiocya- 
nate or by dissolving lead thiocyanate in the solution All these 
additions inciease the viscosity of the solution and at the same 
time conveit the sodium thiocyanate solution into a cellulose 
solvent 

“ Lithium thiocyanate solution does not dissolve cellulose 
until it is concentrated to a boiling point of 165°, the viscosity 
being too low foi all concentrations below this boiling point, but 
when the viscosity of the solution is increased by additions of 
othei soluble compounds (manganese, calcium or aluminium 
thiocyanates or even hexamethylenetetramine, dicyanamide or 
thiourea), a cellulose solvent may be obtained boiling 30° lower. 
Each of these solutions has a positive heat of dilution when con- 
centrated 

“ It is thus seen that there is a definite connection between the 
boiling point, the viscosity and the heat of dilution of a solution 
salt, and its solvent powei for cellulose. 

“ Both calcium chloride and magnesium chloride solution when 
concentrated to the required viscosity have too great a heat of 
dilution to dissolve cellulose Additions, therefore, which lower 
the heat of dilution, and either increase or do not lower the vis- 
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cosily should convert these solutions into cellulose solvents This 
may be accomplished by dissolving mercuric chloride in these 
solutions to form the double calcuun ineicuiic cliloiide and the 
magnesium inci curie chloride icspectivoly 

“ If the solutions (any given above) arc made acid by a weak 
acid such as acetic, the cellulose is more icadily dissolved and 
in much greater amounts 

“Both stannic and feme hydi oxides begin to dissolve when 
a calcium thiocyanate solution is conccntiated until the composi- 
tion of the solution coriesponds with the liquid hydrate, 

Ca(CNS)2lOH20 

This IS the lowest concentration that will dissolve cellulose 

“ As an aqueous salt solution having the necessaiy viscosity 
and boding point, but which is not hydiated or only partially 
hydrated in solution, and theicfoie contains fiee water, is a non- 
solvent foi cellulose, it is evident that the combined water plays 
an impoitant pait in the solution of the cellulose, the solutioiv 
being brought about by means ol the combined water, oi the 
capacity of the salt for taking up watei The combination of 
the salt and water must, however, lie of a ccitain older, that is 
to say, the watei must be bound to the salt between the limits of 
a maximum and ininunum intensity, above or below which no 
solution of the cellulose can take place on heating 

“ A simple and possible explanation of the solvent action on 
cellulose of these salt solutions, which fulfils the prescribed con- 
ditions, may be stated thus- The hydioxyl groups of the cellulose 
unit link up with the salt complex m place of the water molecules 
acting in the maimei of a substituted watei gioup, thus causing the 
fibre to swell consideiably The cellulose unit is brought by this 
means into molecular i ange with the watei molecules combined with 
the salt By raising the temperatme the union between the salt 
and water molecules will weaken and they lend to pait from 
the parent molccide The water thus freed migiates to the cellu- 
lose by which it is imbibed, causing fmthei swelling of the fibie, 
which increases as the progi essi ve hydration proceeds The highly 
swollen fibre in the gelatinous condition then peptizes, and passes 
into colloidal solution.” 
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PROTEIN SWELLING 

Read tlie first pait “ The Argument,” rti Martui II Eischcr’a “ GEdema 
and Nephritis,” 3d edition, (John AViIey & Sons). The viewb there e\picssed 
are disputed by some authoiities, but they meiit caieful study 

Exp 80. — Piepaie diy disks of gelatm (page 76) Weigh Soak in water, 
0 02 N 01 0 05 N hydrochloric, acetic, nitiic and sulfmic acids, and aftei 
much swelhng has ocoiiried wipe dry with filtei papei and weigh again 

Exp 81.— As on pages 61 and 62 (“CEdema and Nephritis”), weigh out 
powdered blood fibrin, 0 2 g , in narrow test tubes To diffeient tubes add 
2S cc water, 0 1 N hydrochloiio, nitric and acetic acids Obseive heights of 
swelling daily Is there any othei influence than that of hydrogen ion con- 
centration on protein swelling'i’ 

Exp. 82. — As on page 63 (“ (Edema and Nephiitis ”), try 0 2 g fibrin m 
26 cc water 
1 cc 0 1 N HCl-f-24 cc water 
3 cc 0 1 N HCl-l-22 cc water 
5 cc 0 1 N HCl-1-20 cc water 
10 cc 0 1 N HCl-1-15 cc water 
20 cc 0.1 N HCl-f- 5 cc water 

and plot the swelling volume against concentiation Note that bases also 
cause gieat swelling As with acids, there is a definite concentiation giving 
the maximum swelhng 

Exp. 83. — Make .m “ aitificial kidney,” as on page 328 (“ (Edema and 
Nephritis ”) Use 0 02 acid to swell the kidney 

Exp. 84 — Immeise a small piece of the diied Aclullea tendon of an ox 
in 0 02 N HCl In a week a piece 1 cm in diameter will have swollen to a 
volume of about 30 cc 

Exp. 85. — ^Try Upson’s protein swellmg with dislcs of wheat gluten Ho 
works starch out of flour, lolls the gluten to a sheet between glass plates, cuts 
out disks of about 1 25 g with a coik borei and duplicates the tests above 
Read page 120 of Pischci’s book and Joui Am Chem Soc., 37, 1295 (1915) 
Exp 86 — The Effect of Salts on Acidic Swellmg of Protem — ^Weigh out 
0 2 g of powdered blood fibim m each of nme nanow test tubes In one 
pour 25 cc of water, but make the final solutions m all the others 0 02 N m 
liydio chloric acid and 0 06 M (molai, not normal) m the different salts listed 
This gives the comparative effect of different salts m repressing acidic swelhng, 
a matter of some importance for biology and medicine 
0 2 g fibrm m water 
0 2 g fibim m 0 02 N HCl 
0 2 g fibrm in 0 02 N HGl-hO 05 M NaCl 
0 2 g fibrm m 0 02 N HCl-f-O 05 M Na^SOi 
0 2 g fibrm m 0 02 N IICH-O 06 M NaNO, 

0 2 g fibrm in 0 02 N TICl-(-0 05 M NaaHPOi 
0,2 g fagrm m 0 02 N HCl+0 05 M Nal 
0 2 g fibrm m 0 02 N HCld-O 05 M NaBr 
0.2 g fibrm in 0 02 N HCl+0 05 M NaCNS 



46 


COLLOID LABOEATORY MANUAL 


GELATIN 

Gelatin is far from “ ash fiee ” as purchased, and may be 
purified by soaking in several changes of distilled water, so that 
the salts dialyze out. Or it may be placed in water in the middle 
compartment of a glass box which is cut into three compartments 
by two porous clay slabs Electrodes dip into the water of the 
end compaitments. When a direct curient is turned on, the 
electrolytes move out and the gelatin is washed by electric osmose. 

A water solution of gelatin may be pouied into alcohol and the 
gelatin precipitated. This coagulum may then be washed and 
dissolved again in water at 40°, with further purification by 
repiecipitation. 

Jacques Loeb (Jom-. Am Chem. Soc 44, 213, 1922) prepares 
ash-free gelatin by bimging it to the isoelectric point and then 
washing sufficiently with cold water He states that at the 
isoelectric point an amphoteiic electrolyte hke gelatine cannot 
combine with anion or cation. C R Smith (Jour Am. Chem 
Soc 43, 1350, 1921) also presents a method of malang ash-fiee 
gelatin Pauli (“ Colloid Chemistry of the Proteins ”) states 
that a gelatin studied by him was isoelectric at a H+ concentra- 
tion of 1.8X0“® for 1 per cent gelatin. 

Exp. 87. EflEect of Salts on Setting of Gelatin and Agar. — Hatschek out- 
lines a useful experiment to demonstrate the effect of salts on gelatin and agar 
Piepare 250 oc of 10 per cent gelatin (dissolved at 35°) and an equal volume 
of 1 per cent agar (dissolved at the boiling point) In each of thiee 100 cc 
beakers place enough sodium sulfate, sodium chloride and sodium sulfoeyanate 
(or the potassium salts) to make the 50 co. of gelatm solution to be added 
0 5 N Of course, only one salt is added to each beaker A fourth beaker 
contains merely gelatm for compaiison A similar senes is picpaied with 
agar The salts are dissolved at 40° m the gelatin and at 100° in the agai 
Note the order in which the gels set on coolmg. What is Hofmeister’s senes? 

Gelatin is very sensitive to treatment. For example, Elliott 
and Sheppard autoclaved gelatin for fom: hours at 60 lbs. and 
secured a hquid with the viscosity of water. Gelatin, heated 
repeatedly above 60°, loses the power of jellying on cooling; C. 
R Smith states that ash-free gelatin does not set to a jelly in 
cold water but comes out as a precipitate 

Jacques Loeb considers that gelatin forms salts (gelatm chloride, 
sodium gelatinate, etc.) which form true solutions. His experi- 
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ments are given in Jour. Biol. Chem , 31 , 343, 1917. His work on 
the effect of hydrogen ion is found m Jour Gon. Physiol , 1 , 39, 
237, 353, 483, 559 (1918-19). His paper on “The Proteins and 
Colloid Chemistry ” (The Physics and Chemistry of Colloids, a 
Report by the Faraday Society and the Physical Society of 
London, Oct 1920) is a summary of the work deseiibed in 
several previous papeis 

The idea that alkalies or acids imite with protein to form new 
compounds is, by itself, not new. It was early expiessed by S 
Bugarsliy (Pfluger’s Ai’ch 72, 51, 1898) and has since been con- 
firmed and developed by Hardy, Pauh, Van Slyke, Robeitson 
and others. 

Exp. 88 Ferric Arsenate Jellies— When ferric arsenate (or phosphate) 
IS peptized by a slight excess of feme chloride and dialyzed, beautiful jollies 
form on the dialyzer Removal of the peptizmg ions, at a sufficiently slow 
rate, allows precipitation of ferric arsenate in a hydrated form of the regular 
structure we call a jelly. For details, see Holmes and Arnold, Jour. Am. 
Chem, Soc„ 40, 1014 (1918), Holmes and FaU, ^b^d , 41, 763 (1919) 

Exercise. — From the experiments in this chapter develop a 
classification of the ways m which jelly structure may be obtained 

A useful chapter by Stocks on seveial common solvated 
colloids is found in the First Report on Colloids (46-78) issued by 
the British Association. 
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The surface film of a liquid is in a state of tension due to the 
unbalanced attractions between molecules at the suilace as com- 
pared with those which aie entirely surrounded by othei molecules 
The molecules in the suifaco layer of liquid are attracted only 
downward and sideways, not upwaid, since there are no liquid 
molecules above them Consequently, 
the suiface molecules act as if they 
foimcd a tightly stretched but elastic 
skin over the suifaco of the liquid. 
As a result of this suiface tension, 
every liquid tends to assume the 
spheucal sliape because the sphere, 
of all shapes, has the least suiface 
When a liquid wets the walls of a 
glass capillaiy tube, the surface is 
concave and the hquid uses to a 
height inveisely piopoilional to the 
diameter of the tube The unit surface 
tension is the tension across a hne 1 
cm in length 

“ If wo denote the value of surface 
tension by y,” wiites Findlay, “ and by h the height in centi- 
meters to which a liquid of density s rises m a tube of radius r 
cm , we obtain the expiession 

y=-ihrsg 


Fig 10 — Liquids, of low- and 
liigh-suiface tension 


where q is the value of gravity (981 dynes). We then obtain the 
value of the surface tension in absolute units (dynes per centi- 
meter) The value of y is dependent on the nature of the liquid 
and also on the tomperatui-c, rise of temperature being accom- 
panied by a decrease of the surface tension ” 
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By the drop weight method we determine the weight of a di'op 
of liquid falhng freely from the end of a tube 

Or, with Tiaube’s stalagmoinetci, we count the number of 
drops foimed by a given volume of liquid From this we can 
calculate surface tension For woilong duections on the capiUary 
rise method and chop weight method, read Findlay’s “ Practical 
Physical Chemistiy,” pages 89-96 (1914) 

The stalagmometcr is used to determme smface tension of 
liquid against air, but it may be modified to deteimine surface 
tension of one hquid against anothei In connection with the 
chapter on Emulsions we shall find tins method 
very useful Smface tension is not absolutely 
inveisely propoitional to the drop number, 
but it approximates it well enough to make 
the method worth while f 

Harkins (Jom’. Am Chem Soc , 41, 620, 

1919) determines siiifacc tension with great 
accuracy and discusses the theoiy in detail c 

Exp. 89. Use of Donnan’s Pipette. — Since smface 
tension loweimg is a laotoi in emulsification, it is of 
importance to have a method of mcasuiing the change 
in surface tension between the two liquids to be emul- 
sified Donnan devised a pipette with nliich he 
allowed a definite volume of liquid A to lun into liquid 
B or into liquid C, etc The lowei the suifacc tension 
between the two liqmds the greater the iiumbei of 
drops Theiefoie, merely counting the numbei of Fio. 11— Deimaii 
diops gives an approximate measiuc of surface tensions pipette (iiiqnoved 
Shoi lei’s modification of this pipette is veiy useful bv Shmtei) 

Use a oapillaiy tube ol 1 inm bore Blow a bulb 
at C holding 1 or 2 cc To regulate the flow, a shoit piece diawn down to 
a hair opening at A is connected to the pipette by the lubboi tubing B 
The tip B IS shown magnified at E 

Drops sometimes widen at their pomt of attachment, changmg their size 
By using heavy glass and gnndmg the end level, it is easy to dedect such acci- 
dental distoition and to discard the leading Readmgs aic taken between 
F and G, marks on the tube Determme the diop numbcis of benzene (oi 
any hydrocarbon) against water, 1 pei cent sodium chloiide, 1 per cent 
sodium oleate, 1 per cent sodium hydroxide and 1 poi cent sulfuric acid 
Draw conclusions 

Drop Spread. — The surface teusion of mercury is 436 (at 15°), 
of water 70 6 (at 20°), and of ether 16 5 (at 20°) Winch of these 
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liquids should give the flattest, thinnest di-op on a glass or porcelain 
plats'? Test your opinion Wo. Ostwald observes that a glass 
tube may be drawn out to a tip of such apeituie that ether runs 
through it in a stream while mercury runs through in dioplets. 
Explain. 

Exp. 90 — ^From a height of 1 cm (for example) let 0 6 cc of water fall 
from a burette on a thoroughly cleaned glass plate Measme the “ drop 
spread ” in millimeters as soon as the maximum width of the spot is reached 
Compare with the diop spread of a 1 per cent solution of sodium oleate 
This IS a lough method of measuring surface tension, useful at times if pre- 
cautions are taken to prevent evaporation 

(The following is taken from P Lecompte du Nouy by the authoi ’s 
permission from The Journal of General Physiology, 7, 
621, 1919 ) 

“ The importance of the action of surface tension in biological 
phenomena is well known, but all the teclimques of measurement 
aie either complicated (static methods capillary undulations, 
drop rebounding, capillary jets, rebounding jets), or long (drop 
method) , and it is desu’able to have a simple apparatus by moans 
of which the smdace tension, and especially the vaiiation of surface 
tension of a given hquid, can be readily measured, with sufHcient 
accuiacy. Por this reason the apparatus to be described has been 
designed There is no new principle m it, it is based upon adher- 
ence of a ring, or of any other design, to the hquid (Weinberg). 
It IS simply a torsion balance, but instead of measuring the tension 
by means of weights (which is time-consuimng, and makes two 
readings necessary), it makes use of the toision of the wire to 
counteract the tension of the hquid film and to bicak it A single 
reading on a dial indicating the degree of torsion of the wire 
gives a figure, which, if the apparatus has been previously standaid- 
ized With watei, gives the surface tension of the hquid by a simple 
proportion From the fact that the torsion of the wire for water, 
which has the highest surface tension, is only 72°, we can assume 
that, within these hmits, the stram of the wire is proportional to 
the angle of torsion, so that no table of coirection is needed.” 

The instrument consists essentially of a stand provided at 
the top with a fine steel wire stretched between end supports. 
One end of the wire is tightly clamped, the other being attached 
to a worm wheel controlled by thumb-screw (6) To the worm 
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wheel IS also attached a pointer (a) which moves over a metal 
scale graduated m degrees. To the middle of the wme is clamped 
a hollow, light aluminum lever (d) with a small hook m the outer 
end A stiiiup attached to this hook cat lies a carefully made 
loop (h) of platinum-iiidium wire with a periphery exactly 4 cm. 
m length 

“ The watch glass, or other vessel conLaimng the liquid whose 
surface tension is to be determined, is placed on the platform (gf) 
and carefully laised by means of the adjusting scicw until the 
platinum loop has made contact with the hqmd. The pointei (a) 
having been previously set at zero, the torsion of the wne is gradu- 
ally increased by means of the thumb-screw (b) controlhng the 
woi m geai , until the loop of wire tears loose from the liquid The 
number of degrees is then read from the scale and by a simple 
calculation is converted directly into dynes per centimeter. 

“ This instrument provides the most lapid and diiect-ieading 
device for measuring surface tension winch has yet been produced 
The method is simple, yet capable of the highest degree of precision 
in measurement This is the only device by which the surface 
tension of colloidal liquids can be aecuiatcly determined. A 
feature of special importance is the fact that a complete determina- 
tion can be made m from fifteen to tlmty seconds, and results can 
be duplicated over and over with perfect agreement. Another 
interesting feature of the instrument is the small amount of liquid 
required, 1 cc being sufficient This permits a wide use, particu- 
larly with biological fluids, which are usually available only in 
small quantities The instrument can be readily and quickly 
standardized by the use of pure watei at 20° C 

“ The first precaution to take is to clean thoroughly the 
platinum wne (h), by flaming it, oi by washing it in a solution of 
10 cc of saturated potassium dicliromate solution in 990 cc of 
suHuiic acid, and iinsmg it carefully undci a flow of oidmary tap 
water, running from the stopcock, unless very pure distilled water 
contained in clean and greaseless bottles can be provided 

“The same tiring must be done with the watch glass, or the 
beaker used foi contaimng the hqmd, the surface tension of which 
IS to be measured. It is advisable to allow them to boil for five 
minutes m the above-mentioned solution, in order to remove the 
slightest trace of grease 

“ These parts are then put m place, without being touched 
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With the fingeis, that is, the platinum loop (h) hooked to the 
lever (d), and the watch glass contaimng the hquid on the table (g) 
“ The zero is now determined. For this, the needle (a) is 
brought by means of the knob (6) just m front of the point 0 on 
the dial Then, by means of the adjusting screw (/), the toision 
of the wire is modified until the lever (d) is just above the resting 
platform (e), the distance between them not exceeding a small 
fraction of a millimeter, foi instance, the thickness of a piece of 
very thin paper. The sciew (c) being fixed m position, one will 



Ria 12 — Du Nouy surface tension apparatus 


observe that an imperceptible movement of the knob (6) will 
bung the lever m contact with the platform (e), practically 
without changing the reading on the dial. The apparatus is now 
ready for use 

“ The table (g) is raised slowly by means of the adjusting 
screw until the hqmd touches the platmum ring (/i). One must 
be sure that a perfect contact exists Then by turning the knob 
(5) , the torsion of the wire is controlled, and one keeps on turning 
until the ling is suddenly separated from the hqmd, by the tearing 
off of the film. The reading is made. One can rapidly check 
this reading by one or two others. 

“ The figure read bemg carefully noted, the liquid is lowered 
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and the standardization takes place, as follows: A small piece of 
clean papei is cut in such a shape that it can easily be shpped upon 
the platinum iing (h), in the stirrup, after it has been weighed 
Then weights ai’e added on top of it, until the lever is forced down 
to its horizontal position, not quite in contact with the platform 
It IS now obvious that the sum of the weights plus the weight of 
the paper represents exactly, in grams, the strain of the wire. 
This being dctei mined, the strain of the liquid film which was 
counteracted by the torsion of the wire is known This is, in 
fact, a measure of the surface tension of the hqmd, according to 
the defimtion But, as surface tension is conventionally expressed 
m dynes per centimeter, the number of grams must be mulLiphed 
by 981, and this figure divided by the length of the circumference 
of the ring, that is, 4 centimeters, in order to have the number of 
dynes for every centimetci It must also bo observed that not 
only one, but two films acted on the ring, one outside, and one 
inside It IS necessaiy, therefore, to divide again by two The 
formula then becomes 

, , „ , , ^ M (in grams) X 981 

A (surface tension m dynes) = 

Oi generally 

fir = 981, A = length of platinum wire, in centimeters 

2L 

Example Watei at 25° C 

Grams necessary to brmg lover down 0 610 

Weight of paper 0 018 

Total weight 0 628 

then 0 628X981-1-8= 77 dynes 

“ Once this standard measurement is obtained, it is compared 

with the reading on the dial, as for mstance, 72° Then any 
leadings on the dial, multiplied by the ratio H will give the 
surface tension, m dynes, of any liquid tested as before In 
order to save time, we suggest that the shde rule be used, which 
will obviate any calculations. By simply setting 72 under 77, 
all figures of the upper scale of the rule wdl represent the surface 
tension, in dynes, corresponding to aU figures read on the dial, on 
the lower scale.” 
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Exp. 91.-With the Du Nouy appaiatuf., mcabuic the buifaoe tension of 
water, of a 1 per cent aqueous solution of night blue, of alcohol and of a 1 pei 
cent alcoholic solution of night blue 

Night blue IS colloidally dispei&cd in watei and moleculaily dispeised m 
alcohol Draw youi own conclusionb With the same apparatus Icain if 
there is any difference in the suiface-lenbion loweiing caused by suspen&oids 
and emulsoids 

J Willaid Gibbs (Scientific Papcis, I, 219) taught that any 
dissolved substance loAvciing surface tension must concentrate in 
the suiface layei This impoitaiit statement applied to true 
solutions, yet it is a fact that some colloids concentrate at the 
suiface far moie then called foi by the foiiiiula. The suiface 
tension of a ficsh solution is often veiy different from that of an 
oldei solution In some instances it requires appieeiable liiiio to 
leach equilibrium between the change in surface tension and the 
osmotic pressure difference of surface fihn and mass of solution 


SURFACE PHENOMENA CONNECTED WITH SOAP SOLUTIONS i 

Change of Surface Tension of Soap Solutions with Time 

Object. — Simple method foi determining &urfaco ton&ioii of boap .«iolution& 
and variation with time 

Exp 92. Procedure — Make up a dilute solution of sodium stearate 
(1 part m 15,000) by diluting the stock solution containing 0 001 gi /eo with 
the required amount of distilled water Pipette a portion into a watch glass 
and immediately measure suiiace tension by Du Nouy suiface tensimetei (or a 
home-made apparatus similai to this) Continue the readings once every 
minute for half an hour Repeat vnth sodium oleate Record variations with 
time and explain them 


Surface Fihns on Soap Solutions, 

Object — To demonstrate the presence of a suiface film on soap solution. 

Exp 93. Procedure — ^Allow a dilute solution of sodium stearate, on the 
surface of which talc has been dusted, to stand several mmutes in an open 
dish Dip n fine glasb point into the surface, observing the movement of the 
surface as the point is moved to and fro Repeat the above expeiiment, 
using sodium oleate Compare results 

' Contiibuted by Leon W. Parsons and R, E Wdson, of Massachusetts 
Institute of Technology 
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We quote from No 182 of Baiicioft’b “ Two Hunched Colloid 
Pioblems ” 

Stabilization of Foam. “ To get a foam the only essential is 
that there shall be a distinct suiface film, m othei words, that the 
concentration in the surface layer shall differ perceptibly from 
that in the mass of the hquid AU true solutions will, therefore, 
foam if there is a marked change of surface tension with change of 
concentration, regardless of whether the suiface tension increases 
or decreases All colloidal solutions will foam if the colloid con- 
centrates in the inteiface or if it is diiven away fiom the interface 
To get a fairly permanent foam the surface film must cither be 
sufficiently viscous in itself oi must be stabilized m some way. 
This can be done by introducing a solid powder into the interface 

Exp 94 — " Solutions of aqueous alcohol, acetic acid, sodium chloride and 
sulfuric acid all foam when shaken, but the foam is unstable Soap solutions 
foam when shaken and the foam is, oi may be, quite stable, owing to the 
viscosity of the soap film With saponin the surface film is even moie stable 
If we add to aqueous alcohol some substance like lycopodium powder which 
goes mto the interface, we get a stabilized foam Wc can do the same 
thuig with aqueous acetic acid by adding lampblack The presence of enough 
of a finely divided solid m the mterface will make the film so viscous that the 
foam will be quite stable Grease will help stabilize a foam in some oases 
and it has been claimed erroneously that the foammg of sulfuric acid solutions 
IS due to grease " 

R E Wilson and Leon Paisons believe that stable foams are 
produced only when the surface layoi has the properties of a 
plastic solid rather than of a viscous hqiud. 

“Surface Tension and Surface Energy” by Willows and 
Hatschek is a book of 80 pages published (1915) by Blakistons 



CHAPTER IX 


EMULSIONS 

Before perfornung the experiments of this chapter read most 
of the leferences following 

W D. Bancroft, Applied CoUoid Chemistry, 161, 260-273, 
Martin H Fischer, Fats and Fatty Dcgeneiation, 1-16 (John 
Wiley & Sons), Emulsions, Jour Ind Eng Chem , 12 , 177 (1920), 
Pickeiing’s paper. Jour Chem Soc , 91 , 2001 (1907); Clowes’ 
papei, Jour Phys. Chem , 29 , 407 (1916) 

There arc conflicting views m these various articles, but they 
aie all stimulating 

Emulsions are, of course, dispersions of minute drops of one 
liquid in another Two mutualty insoluble hquids may be emul- 
sifi.ed by mechamcal agitation, but they soon separate into two 
layers of the oiiginal hquids Such emulsions are not stable when 
they contain moie than 1 per cent of the dispersed phase. Poor 
emulsions of this type may be secured by poimng 10 cc of a 1 per 
cent solution of any oil in acetone (oi alcohol) into 1000 cc. of 
water. Stable emulsions of two pme hqmds cannot be made 
A third substance, usually colloidal, is necessary to stabihze 
emulsions This is often piesent as an unsuspected impurity. 
The exact manner m which this third substance, the “ emulsifying 
agent,” functions is in dispute The different theories are illus- 
trated in the following experiments. 

Exp. 96. Soap as Emulsifying Agent — Shake together oil (kerosene will 
do) and water A temporary emulsion forms Now shake 20 cc of oil with 
60 cc of 1 per cent sodium oleate Let it stand The soap has lowered the 
surface tension of the water, probably concentiatmg as a film around each 
oil globule, and it has “ bound ” all the water These pomts represent three 
theories of emulsification. AH may apply m ceitam cases In other cases 
a single mfluenco is predommant 

A “ cream” yises to the top in soap emulBions This cieam is much 
richer in oil than is the liquid below To piove this, separate the two layers 
with a pipette and break the emulsions with any acid This liberates free 
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fatty acid which has no emulsifying power Compare volumes of the oil 
layers separating 

Agitation IS necessary to break at least one liqmd mto diops, Briggs 
(Jour Phys Chem,, 24, 120, 1920) insists that mteimittent shaking is better 
than continuous shaking Agitation may be secured by hand shaking, shakmg 
machines, egg-beaters, mortal grmdmg or by air stming as with Ilatachek’s 
device. Fig 13 The flow of oil from the pipette is regulated by a screw clamp, 
so that 60 cc of keiosene would be debvered m thuty 
minutes This oil is dropped mto a long-stemmed 
thistle tube which admits an at the same time The 
lower tip of this thistle tube (reaching nearly to the 
bottom of the cylinder) should be only 1 mm m diam- 
eter, foi the best results. The lubber stopper in the 
top of the cyhndei fits tightly, so that the suction 
from the air pump can draw air and oil down the 
thistle tube The cylinder contains one-fourth of its 
volume of soap water (usually 1 per cent sodium 
oloate) To prevent froth bemg carried over, a few 
sheets of loosely crumpled filter paper aie pushed mto 
the upper pait of the oyhndoi Before the apparatus is 
set up, the thistle tube must be wot with oil To do 
this, pour a httle oil through the tube, while tilting 
and rotating it 

A counter-current beater is very useful m agitating 
liquids It consists of two piopeller blades attached 
to the same shaft so that one is inverted, each thiowing 
a current of liquid agamst the other Cut a slot in a 
brass shaft and solder in two coppei blades wluch 
had previously been bent to shape The whole device 
should be nickel-plated The shaft may be set in a 
rubber tube as a bushing 

Exp. 96. — With Hatsehek’s emulsifier, see if you 
can make a 90 per cent emulsion of cotton oil in 1 
per cent sodium oleate oi m potassium oleate 

Exp. 97. Gelatin as an Emulsifymg Agent. — Use 
any good gelatin, although we prefer “ Difco,” made 
by Digestive Ferments Co of Detroit Difco gelatin 
has an ash content of 1 1 pel cent and sets to a jelly Fig 13 — Hatschek's 

at a concentration of 1 1 pel cent or less Make a emulsifier 

0 4 pel cent solution of gelatin m water at 40° 

Place 10 cc m a 125 cc oil sample bottle and add 5 oc of kerosene at a 

time, with mtermittent shakmg It is possible to add a total of 30 cc. or 
more of oil, making a 76 per cent emulsion. Holmes and Child, J Am 
Chem Soc , 42, 2049, 1920 

Emulsion Theories. — Plateau and Quincke believed that sur- 
face-tension lowering by the emulsifying agent was its most 
important function. Smee the alkah soaps lower the surface 
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tension of water greatly, they have been favored as aids to emulsi- 
fication. Yet Martin Tischer holds that the alkali soaps aie 
effective rather because they are solvated colloids and thus 
“ bind ” the watei. Read “ The Argument,” pages 1-15, in his 
“Fats and Fatty Degeneration,” for luithei statements on his 
theory. 

In the moie common type of emulsions diops of oil arc dis- 
persed in watei (oil-m-water) yet the opposite type is well known 
Drops of water may be dispersed (with the aid of the proper 
emulsifying agent) m oil foimmg water -in-oil emulsions 

The heavy-metal soaps are notgood emulsifyingagcnts for theoil- 
in-water type . Yet they ai e good emulsifying agents for the watei - 
in-oil type, Fischer holds, 
because they are not hy- 
drated to any marked extent 
Gum arable, gelatin, albumin 
and all the solvated coUoids 
are useful emulsifying agents 
We have used gelatin in the 
pievious expel iment with 
good results. The noimally 
present proteins of egg yolk 
keep the 30 per cent of fat of the yolk in emulsified form Still 
moic fat may be added as when mayonnaise is made. Acid 
casein and alkali casern both hydrate well, and so yield good 
emulsions of oil-m-water But ivhen either is exactly neutral- 
ized, neutial casein, a shghtly hydrated substance, results and 
the emulsion breaks Potassium soaps are better emulsifying 
agents than sodium soaps, because their films are softer at loom 
temperatures 

Pickering made good emulsions of oil-in-watei by using basic 
copper sulfate as the emulsifying agent. Thus he reasoned that 
oil globules, or drops, could be kept apait by small discrete particles 
of an insoluble substance It is true in a few instances, but his 
theory is not of general apphcation. We give his experiment below. 

Bancroft considers that a tough elastic film around each oil drop 
IS necessary to stabihty. He thinks that the good emulsifying 
agents are those colloids that are concentrated at the hquid- 
liquid interface by strong adsorption. Froth concentration of a 
dye, as outlined below, throws hght on this theory. 
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Fia 14 — Emulbion types 
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Exp. 98. Mayonnaise.— Beat the whole egg to a fioth and then add 
cottonseed oil (or olive oil), at first diop by diop and then a lew cc at a time, 
up to IQO cc Of oouise, the egg-beater oi othei stiinng device is used almost 
constantly Now add 2 oc of strong vmegar, more oil up to 100 cc and finally 
the rest of the vinegai Salt (5 g ) with othei seasoning is added later in 
the piocess If oil is steadily worked m until the total volume of oil used 
IS 250 oc , a veiy good mayonnaise losults The yolk of egg may be used 
as the emulsifying agent More than 15 cc of vincgai may inteifeie with 
the pioper consi,stoncy of the mayomiAisc, oi make it " crack ” because 
the acid dehydiates some of the hydrated piotcm colloids (globulins) But 
moie IS oiten used to suit the taste of the cook 

Exp 99 Pharmaceutical Emulsions. — Oesper (Jour Ind Eng Chem , 9, 
156, 1917, ibid I 9, 966, 1917) observes that some pharmacists, instead of 
adding the oil last m then acacia (gum aiabic) emulsions, start out with a 
nucleus, such as 4 parts ohve oil (cottonseed oil is cheaper), 2 pails powdered 
acacia and 3 paits water This is ground m a moitar until it “ takes ” to 
a cream and may then be diluted (gimding) with more oil or watei In some 
instances it “ takes ” better after standing a few houis 

Exp. 100 Pickermg’s Emulsions — Chum 50 cc of a pctioleum distillate 
heavier than kerosene into a mixluie of 134 CO limewater and 1 g CuSOi SHjO, 
dissolved in as little watei as possible, adding ml all at once Here a plastic 
film of separate, minute solid pai tides of basic copper sulfate ooveis each 
oil drop 

Road Join Chem Soc , 91, 2001 (1907) foi furthei ducetions and com- 
ment 

Exp. 101 Adsorption Films — Peptize aii-diied cellulose mtiatc (11 per 
cent nitiogen) by a mixtuie of 1 part of amyl acetate and 3 paits of boiizene, 
making it about a 2 pei cent solution Pour enough of this into a small 
beaker to give a layei nearly 1 cm deep With a pipette, add a very large 
drop, 01 globule, ol watei and watch it for a few minutes A visible film 
quickly foims Gently tilt the beaker and distort the drop by rolling it 
around Wrinkles in the film demonstiate ils toughness and elasticity 
This film of cellulose mtiate has lowered the surface tension of its solvent and 
thus concentrated at the interface Similar films may form m other instances 
but may lack visibility because of an equality of indices of refraction of all 
the substances present This expenment supports Bancroft’s thooiy, in this 
instance, at least, If it fails use much moie benzene 

Froth Concentration of a Dye. — Another example of the con- 
centration of dissolved substances at sui faces is found in the 
fiothing of an aqueous solution of methyl violet Here the inter- 
face is between water and an Miss Benson (Jour Phys. Chem , 
7, 532, 1903) first dcmonstialed that such a froth of aqueous amyl 
alcohol showed a higher concentration than did the solution 
beneath, but we give experimental details from Kenrick (Jour. 
Phys Chem , 16, 617, 1912). 
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Exp. 102. — Shake a solution of 0 08 g of methyl violet in 300 cc of water 
m a 1000 CO separatory funnel After a good fioth is secured let stand about 
four minutes Dram off the clear liquid In about four minutes longer, the 
foam in the funnel will subside to liqmd If not, add a drop of ether to break 
the froth Dram off 1 cc and dilute with 20 ce of water Also dilute 1 cc 
of the ougmal solution with 20 ce of watei Compare the two samples in 
in depth of coloi befoie the lantern The solution prepared from the foam 
IS darker than the other, thus showmg a gicalci concentration of dye. 


Concentration at the Interface. — The following is quoted fioni a 
pamphlet issued by the Sharpies Specialty Co • 

“ When crude corn oil is agitated with hot watei a thick white 
emulsion foims. When this emulsion is passed through the 
Sharpies Supei -Centrifuge at a moderate rale of flow, some of the 
oil separates and is discharged as a cleai yellow oil The rest of the 
emulsion is discharged in a highly emulsified condition 

“ The oil separated in this way will not foim a stable emulsion 
when again agitated with hot water, because the emulsifying agent 
has been extracted But when the dischaiged emulsion is broken 
by any chemical means the separated oil is easily emulsified again ” 
This seems to be a good illustration of concentration of the 
emulsifying agent at the oil-water interface 

A Comparison of Theories. — Hailans, Davis and Clark (Jour 
Am Chem. Soc , 39, 641, 1917) think that the best emulsifying 
agents have long molecules with a polar active group at one end of 
the molecule (Polar groups such as COOR — COOH ) Langmuir 
(Jour Am Chem Soc , 34, 1848, 1917) believes that the organic 
groups strike inward into the fatty globules, while the COOH, 
SO.)H, etc , are outside in the water phase There is probably 
no real clash between the solvated colloid idea and the suggestion 
of adsorption films around drops of the dispersed hquid. If theie 
is not enough coUoid to be uniformly distributed m the hquid that 
peptized it, some of the adsorption film will be peptized back into 
the hquid Doubtless the film is essential; but its existence in the 
“right physical condition" depends upon the peptizing action 
of the one hquid on the film. Solvated colloids are the best 
emulsifying agents 

Having studied the action of cellulose nitrate as an emulsifying 
agent (Jour Am Chem Soc 44, 66, 1922) the author believes 
that the ideal film for an emulsion must be one that foims readily 
and comes quickly to an equilibrium between the peptizing 
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action of the one liquid and the precipitating action of the 
other It should be tough and elastic and should change little 
with age Such a film on the solvent side should be gelatinous 
and swollen with that liquid On the side of the second liquid 
it should be coagulated, not to the point of brittleness, yet 
should bo " wetted ” somewhat. 

Exp 103 — Dissolve 0 3 g gelatin in 40 cc of watei and then add enough 
Na»S04 to make it half-molar On shaking, a froth, stable seveial days, 
should result The same amount of gelatin m 40 oc of half-molar Nal 
yields a tomporaiy troth on shakmg yet it has a lower surface tension against 
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oil as shown by the Donnan pipette Therefore the gelatin must have been 
coagulated sufficiently by the NasSOi to give a higher surface viscosity to 
the film The Nal peptizes gelatm makmg the pai tides too small to give 
such high suiface viscosity 

Exp. 104 The Use of Donnan’s Pipette in Emulsion Studies. — ^With the 
Donnan pipette drop keiosene into water, mto 1 per cent sodium oleate; 
into 0 5 per cent sodium hydroxide, mto a mixture containing 1 per cent of 
soap and 0 6 per cent of sodium hydroxide. Drop cotton oil into water, 
into 0.5 per cent sodium hydroxide Count the drops for equal volumes of 
oil and draw your conclusions Remember how soaps are made Review 
the use of this pipette in the ehaptei on Surface Tension 

Exp. 106. Creaming. — Soap emulsions “ cream ” as does milk Creams 
rise or sink accoidmg to the densities of the two hquids If the two 
liquids have the same density they never cieam Mix cottonseed oil and 
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CCL (at snmo definite temperature) until a drop released fiom a pipette 
neither sinks nor rises m the soap water used Make an emulsion and it will 
not cream 

Emulsions containing drops sufficiently small never cream Homogenized 
milk illustrates this pomt 


WATER-IN-OIL EMULSIONS 

The ordinary emulsions, and those pieviously discussed in this 
chapter consist of diops of “oil” (meaning any hquid insoluble 
in water) dispeised m water All of these were made by the use of 
a colloid emulsifying agent peptized by the water. Yet if a 
colloid peptized by the “ oil ” and not by water is used, the phases 
are reversed and the water is dispeised m drops throughout the 
oil For example, the allcali soaps are inoie soluble in water than 
m oil, hence they always aid in formation of the usual type of emul- 
sions, oil-in-water. On the other hand, the soaps of the alkaline 
eaiths and heavy metals are generally moie loadily peptized (hot) 
by oils than by water, and thus aid in the formation of the unusual 
and less stable type of emulsions It may even bo said that any 
substance more leadily “wetted ” by one liquid than by anolher 
favors dispersion of the second hquid. m the first Clowes (Jour 
Phys. Chem , 20, 407, 1916) consideis that the determination of 
phase depends upon the convex or concave bending of the liquid 
interface as influenced by surface-tension lowering caused by the 
emulsifying agent N ewman’s work with the oleates of magnesium 
and calcium (Jour. Phys. Chem., 17, 501, 1913) shows the influence 
of the two classes of soaps. 

Wlien “ Nu}ol ” is shaken with water containing about 1 per 
cent sodium oleatc as the emulsifying agent, the oil is dispersed 
in the water. Also, when a “ Nujol ” solution of a suitable emulsi- 
fying agent, such ,as magnesium oleate, is shaken with water, it is 
the water that is dispersed m the oil Newman (Jour Phys. 
Chem , 18, 40, 1914) observed that when mixtmes of these two 
soaps were present the emulaon was oil-in-water with an excess 
of sodium oleate and water-m-oil with an excess of magnesium 
oleate 

Exp. 106. A Four-layer Emulsion. — Leon W Parsons finds that when 
a " Nujol ” solution of magnesium oleate is shalcon with an equal volume of 
water oontammg an approximately equivalent amount of sodium oleate, and 
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allowed to stand, a four-layer emulsion results Tlic top layer is “ Nujol,” 
and the bottom layer is water, but between these there is a double layer, the 
upper pait of which is an emulsion (or cream) of watei-m-oil, and the lower 
pait a cieam of oil-in-watei These layeis may be removed with a pipette 
and examined by the usual tests 

Glyceiol and water are classed together as regards their 
insolubility m most other hqmds, so by the phiase “ water-in- 
oil ” we may really mean “ glycciol-in-oil ” Cellulose mtrate is 
readily peptized by a number of hquids in winch glyceiol is insolu- 
ble, and hence aids m the foiination of " water-m-oil ” 

Exp. 107 — ^To a 2 pei cent solution of cellulo.se nitrate m amyl acetate, add 
glycerol in small poitions with much shakmg An excellent cicamy emulsion 
results The glycerol is dispeised in drops 

Make an emulsion of watei-in-tolueiie by shakmg watei with a 2 per cent 
solution of law cr§pe rubber in toluene 

Exp 108 How to Recogmze Emulsion Types — ^Heat powdeiod losm in 
a heavy mmeral oil until nearly 1 per cent has dissolved Grind (or beat) 
water into this Is it an emulsion of oil-m-watei (the usual type) or water- 
in-oil’ 

Test this by attempting to dilute portions with watei , with oil Addition 
of the continuous phase gives leady mixing Mixing does not occur if the 
dispersed phase is added m excess Oi put a little emulsion on a glass plate 
and add one drop of eithei phase Whichever one spreads must be identical 
with the continuous phase 

A minute fiagment of a fat-soluble dye, such as Sudan III oi Scarlet II, 
gives a spreading color m an emulsion of water-m-oil but not m the othei 
type Tiy all these tests on some ot your emulsions Oil-m-watei is a 
bettei conductor of heat and electricity than water -in-oil Why? 

Exp 109 A Lubricatmg Grease — TolOOcc of some heavy peti oleum fi ac- 
tion add 20 g of dry calcium oleate Heat to 200° or higher, until the soap 
dissolves Now cool with constant stirimg, and as soon .is the tempeiatuie 
falls below 100° add 5 cc of water, contmumg the stiiimg until the mixture 
IS cold An emulsion of watci-m-oil is obtamed, with a smooth, salve-liko 
stiuctiire suited foi cup lubrication 

Rape oil may be saponified with lime to furnish a good soap for the gie.ise 
Aluminum oleate is often used and a small amount of a sodium soap added to 
the othei soap 

Transparent Emulsions.— Usually, when two transparent 
hquids aie emulsified, a millcy-white mixture results Kerosene 
shaken with water gives such an emulsion, yet tiansparent 
emulsions can readily be piepared. Transparency depends upon 
the relative indices of refraction of the two hquid phases If 
both phases have the same refractive index there will be neither 
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reflection nor refraction, and the system will appear homogeneous 
and entirely transpaicnt 

Exp. 110 — Make a 2-4 per cent solution of dry calcium oleate m carbon 
tetrachloride (warmmg) Disperse glycerol in this by shaking A good 
transparent emulsion is possible 

Shake a solution of 2 per cent raw ci6pe rubber m “ Nujol ” with an equal 
volume of glycerol What t3rpe is this? 

Exp. 111. — Chromatic Emulsions (Holmes and Cameron, Joui Am Chem 
Soc 44, 71, 1922) — Shake 4 volumes of gycerol with 4 volumes of a 2-3 pei 
cent “solution ” of dry cellulose nitrate (11 per cent nitrogen) m amyl acetate 
Add 10 volumes of benzene with shakmg; then moie glyociol, until rathei 
viscous; then still moio benzene m small additions, shalang, until color 
appeals The whole “ chioinatio,” scale of colois may be secured by the addi- 
tion of iiici easing amoimts of benzene The colors leappeai in leveise ordei 
on the addition of moie amyl acetate Temperature changes change the 
colors Such an emulsion is viewed best if a 12.5 cc oil specimen boitlc is 
used as a contamer and held some distance fiom the source of light A 
single somcB is best, as one window m a loom or a single strong light at night 
On long standing these emulsions “ cream ” downivaids, although vigorous 
shaking icstores much of then beauty. The cream often sots to a leal jelly 

To seouie such stiuctural color emulsions it is necessary to have two 
mutually soluble liqmds for the continuous phase, one of them of high lefi ac- 
tive index and high dispersive powei (as a prism dispeises light) On oaieful 
addition of this hqmd to a milky emulsion aheady prepared, it is possible to 
change gradually both the refractive mdex and the dispersive power This 
insures the chromatic range of colors Caibon disulfide may be used instead 
of benzene, rubbei for the cellulose nitrate] and walei solutions for the 
glycerol Any constituent may be vai led 

If carbon disulfide bo used instead of benzene the emulsions aie moic 
beautiful and do not cream so soon A much smaller volume of oaibon 
disulfide than of benzene i& used m bringing out the colors 
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VISCOSITY 

The Ostwald viscometer is a suitable instiument for laboratory 
measurement of viscosities It consists of a U-shaped tube with 
a small bulb emptying mto a capillary for one arm and a much 
widei tube for the other arm Tor ordinal y viscosities the bulb 
should hold 2-3 cc The capillaiy should have 
a diameter of about 0 5 mm and a length 
of about 6 cm. The remaimng sections of the 
tube in the capillary arm should have a diam- 
eter of about 4-5 mm 

Since viscosity changes with the temperature, 
the viscometer should be read in a thciinostat 
Of course absolute clcanhness of the capillaiy 
IS essential The tube should be tieated with 
waim chi’omic acid solution, rinsed with watei, 
alcohol and ether and dried with a current of 
warm an winch has been freed from dust by 
passing through glass wool. 

The hquid to be measured is pipetted into 
the larger arm and then caiefully drawn above 
the bulb. As it falls (viscometer quite verti- 
cal) the stop watch is staited as the liquid 
passes the upper mark and is stopped as it 
passes the lowei mark 

A simple 5 cc pipette with a tip drawn out 
sufficiently small may be used for rough comparative work, and 
the time of outflow taken as a measure of viscosity. Even the 
time of fall of steel bicycle balls m viscous media may seive 
where only approximate results aio wanted. 

A very good commeicial viscometer, now much used, is the 
improved MacMichael instrument It operates on the principle 
of measuring by the angular torque of a standardized wire, the force 
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requued to cause two sui'faces, 1 cm apart, to move past each 
other at the rate of 1 cm per second, overcoming the internal 
friction of the liquid against itself throughout the space between 
the sui faces, a film of hqmd moving with each smface and the 
layers of liquid between sheaiing past each other 
Bingham’s new viscometei gives excellent lesults 
Viscosity of Gelatin. — Davis, Oakes and Biowne (Jour Am. 
Chem. Soc., 43, 1526, 1921) show how the viscosity of gelatin 
" solutions ” IB influenced by age of the solution, concentration, 
temporatme of picpaiation and cliaracter of the gelatin They 
report a maximum viscosity at an age of twenty-four hours 
Hydrolysis of gelatin by OH" is quite marked Bacterial decom- 
position has a strong influence A good gelatin, after boiling a 
few minutes, is no better than a poor giadc It was theii practice 
to bring all solutions to 75° for concoidant results Hydrolysis 
was usually alow at that teraperatme. Then directions for a 
measurement follow 


Exp 112 — Bung the gelutm and walej (with acid oi base if desired) 
to 75° m twenty minutes, sliriing fiequently Filtei through glass wool and 
place m a thoimostat at 25° Pipette 5 cc into an Ostwald viscometer and 
immeiae m the thermostat foi ten minutes Diaw the solution into the bulb 
of the viBComotci and make the rim while m the thermostat, timing the flow 
with the stop-watch The density is determined with a pycnometer The 
viSBOsity coefficient is calculated accoidmg to the customaiy formula 


N (gelatin) =N (water) X 

Flow time 


1C tor gel X density gel solution 
.sec foi wateiX density watei 


N for watci is taken as 0 008937 absolute unit 

Measure the viscosities of 0 6 pei cent gelatin aged 5, 30, 00 and 120 minutes 
(or longer) and plot the curve 

Exp 113 Viscosity Change of Benzopurpurm with Age — Measuie 
roughly with a pipette the time change m viscosity of a 0 4 pei cent .solution 
of benaopuipmni at 25° Plot age of the solution in minutes against time of 
outflow in seconds 

Exp. 114. Effect of Concentration upon the Viscosity of an Emulsion. — 
Using any convenient oil, piepare 5, 10, 20 and 30 per cent emulsions of ml 
in 3 per cent aqueous gum arable Plot viscosity against coiioentiation of the 
oil Note the similarity to solvated colloids in this respect 

Exp. 116 Viscosity of Soap at Different Concentrations — ^With a pipette, 
make lough measurements at 20° of the viscosities of 0 05 N, 0 2 N, 0.4 N 
and 0.0 N solutions of potassium oleate (oi sodium oleate) Plot time of 
flow in seconds against concentration This curve is typical of the solvated 
colloids 
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Fischei’s diagrams (“ Soaps and Proteins,” 70, 71), throw light 
on viscosity studios 

Hatschek states that if suspended pai tides do not rest on each 
other the viscosity-concentration “ curve ” is a stiaight line 

Wo Ostwald believes that, other conditions being constant a 
dispersoid reaches its highest viscosity at a medium degree of 
dispeision Jeiome Alexander (Joui. Am. Chera Soc , 43, 434, 
1921) enlarges upon this view with Ins discussion of the “ zone of 
maximum coUoidahty ” He states that clays hold mcieasing 
amounts of water as then- pai tides become smaller In that 
event the pai tides must act as liquids rather than as solids 

Bingham’s work on “ viscous and plastic flow ” is published m 
book form by the McGraw-IIill Book Co and is worth reading. 
He makes the inteic.sting distinction that a viscous liquid will 
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start to flow, no mattei how small a pressure is applied, while 
with plastic materials no flow takes place until after the pressuie 
has exceeded a ceitain defimte "yield value” Plastic sub- 
stances he classifies as solids; and he insists that paints are not 
viscous liquids but highly mobile plastic sohds. Even a very 
viscous substance, such as pitch, flows, under a very slight piessure, 
like water oi any flmd. 

Bingham states that the mdtmg point of gelatin and other gels 
IS the point where viscous flow changes to plastic flow. This 
suggests possible experiments with solvated colloids 

Bingham’s elaborate but accurate viscometer and plastomcter 
aie now on the market. 

The falling-sphere viscometer was used to measure the viscosity 
of cellulose nitiatc solutions by Gibson and Jacobs (Jom Chem 
Soc 117, 472, 1920) and by Gibson, Spcncei and McCall (Jour. 
Chem Soc 117, 484, 1920) 
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ADSORPTION FROM SOLUTION 

It seems that evciy solid surface has an attraction for other 
substances, greater for some than foi others This holding to a 
surface we call adsoiption, and we diffeientiate it from chemical 
reaction or sohd solution It may be due to free valence of the 
surface atoms; but, whatever it is, we aie able to measure it and 
study it Some solids have far greater adsorbing power than 
others, and a given adsorbent shows “ preferential adsorption ” 
Of course, the finer a solid is, the greater its surface aiea and the 
greater its adsorbing effect per gram. Bone char is used to adsoib 
coloiing matter fiom sugar solutions m refineries, fabrics adsoib 
dyes (in many instances), and most precipitates adsorb ions from 
solution. When glues adhere to a solid they must be power- 
fully adsorbed “Adsorption may be consideied a concentra- 
tion of dissolved or dispersed substance upon the solid or liquid 
or gaseous adsorbing surface Aftei concentrating there the 
adsoibed substance may react or polymerize or dissolve or be 
coagulated or it may crystallize slowly ” 

Exp. 116. Adsorption of Glue. — Dissolve 10 g of dry glue m 30 oo of 
hot water Pour it into a 100 co beaker and set aside for a week or more to 
dry As the glue contracts it pulls in the walls of the beaker, so powerfully 
does it adsorb the glass 

Exp. 117. — Filter night blue sol through a 15 cm layer of precipitated 
and oven-diied silica Use a tube 1 or 2 cm m diameter This suggests the 
use of sand filters in adsoibmg bacteria fiom water 

Exp. 118 — Khake crystal violet (or other dyes), 2 mg to 100 cc of water, 
with 2 g of powdeied chaicoal (blood chaiooal is excellent) oi fullers’ earth. 
Is the solution coloiless aftei settlmg? Poui off the liquid and add alcohol or 
acetone to the mud. What about the eqmhbrmm concentration in the two 
oases'? 

Exp. 119. Sprmg’s Soap Cleansing Experiment — Wash animal carbon 
with alcohol and ether (to lemove giease) Dry Rub the carbon on the 
ouUide of a folded filter, shaking off aU loose mateiial Rub also on the 
inside of another filtei Pour watei through each Repeat with 1 per cent 
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soap solution (sodium oleate) Explam by the adsoiption theoiy Explain 
action of soap m cleansing the skin In the above experiment do not use a 
very dense liltei paper In cleansmg the skin, soap may havp to emulsify 
the grease or oil that glues dut to the skin ij 

Read Hillyei’s classic papers, Jour Am, Ghem Soc , 26, 6ll, 524, 1266 
(1903) 

Exp 120. Adsorption by Barium Sulfate — ^Add a neutial solution of 
sodium sulfate to a neutial solution of baiium chloiidc Attei the piocipitate 
of barium sulfate has settled, test the supernatant liquid with indicators 

Repeat the experiment, usmg potassium sulfate instead of sodium sulfato. 
Test the siipeinatant liquid with mdicatois Explain the diffoiencc 

Exp. 121. Adsorption by Barium Sulfate* — ^Precipitate baiiuin sulfate 
from a stiongly alkaline solution of potassium permanganate The piecipitate 
remains lose-rod, even after washing, boiling with hydrochloric acid (to remove 
manganese dioxide) and washmg again Tins adsorbed permanganate is too 
smalt in amount to measure quantitatively It does not leact with hydiogeii 
peroxide, possibly because of great diminution of solubility or to the formation 
of some oompovmd 

Exp. 122. Adsorption of the Base from Potassium Salts. — Shake a dilute 
solution of potassium chloride with cotton, with a soil, with carbon black. 
After it has boon standmg for some time, filter and test the filtiate with 
indicators The solution is acid A potassium determmation would prove 
that a loss of potassium had occuiied 

Exp. 123. Adsorption by Humus — Patten and Waggaraan call oui atten- 
tion to a neat oxpeiunental demonstiation of the adsoiption of soluble mateiial 
from solution, an experiment oiigmally offered by Schumacher (Physik dei 
Pflanze, 304, Berlin, 1867) 

“ Humus and a weak solution of oxalic acid wore placed in a beakei The 
humus adsorbed the oxabc acid from solution, and attei the humus had settled 
and the supernatant solution had become cleai, a little sack made of collodion, 
attached to a glass tube and filled with watoi and calcium carbonate, was 
suspended in the solution, not touchmg the layer of settled-out humus The 
oxaho acid of the solution diffused into the collodion sack and reacted with the 
calcium carbonate to form insoluble calcium oxalate Thus the concentration 
of the oxalic acid solution is lowered and the oxalic acid adsoibed by the 
humus IS practically all removed 

“ This was shown by removing the humus and extractmg with hot water 
The filtiate showed no trace of oxalic acid The humus was free from bases, 
so that a chemical combmation could not have been formed 

“ If the humus had been in contact with a nutrient solution, and had 
adsorbed plant food fiom it, a plant whose roots were in the .solution would 
have behaved m a similar maimer, adsorbing the soluble matter from solution 
just as did the coUodion sack contaming calcium carbonate " 

This experiment illustrates the leversibility of the adsorption process Of 
course, in some eases this reversibihty is affected by changes in the adsorbed 
material. 

* Adapted from H E. Wohleis, Zeit anorg Chemie, 69, 203 (1908) 
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Exp. 124. Adsorption of an Indicator — Shake finely powdcicd ortlioola&e 
(ov oilier similar rock powder) with, watei to which has been added a veiy little 
pheiiolphthalem A failuie to develop pink coloi does not mean an absence 
of alkalinity Decant the clear solution aftci complete settling of the look 
powder and add to the solution moie phenolphthalem A distinct pink color 
appears Now add a httle more rock powder lo this pink solution and the 
color disappears 

Clailcc f?ho\ved the alkalimly of watoi m which rock powdeis 
have bocimi sitHpension (Bull 167, U S Geol Suivcv, 156, 1900). 
Yet some powdcicd rocks in aqueous suspension show no red color 
with phenolphthalem Of course, tins is duo to the adsoiption of 
the coloi by the powdei. Thezeforc, the test of alkalinity of a solu- 
tion by phenolphthalem cannot properly be made if there are 
present in suspension finely divided particles which have the powei 
of adsorbing the indicator 

Hulett and Duschak (Zeit anorg. Cliem , 40, 196, 1904) have 
investigated the nature of banum sulfate precipitates, which are 
neaily alwa 3 ''s found to weigh too much, and attiibute the 
resuUs obseived by them to the foimation of a compound, 
BaCl HSO 4 On long standing or heating of the precipitate, 
hydiochloric acid was given off — which indicates that hydiochlorio 
acid was adsorbed on the surface of the piecipitate and escaped 
when the aiea of surface was reduced Barium sulfate has been 
found to adsorb many compounds fiom solution Vainno and 
Hartl (Ber , 37, 3620, 1904) observed that this precipitate adsorbs 
colloidal metals from solution Patten (Jour. Am Chem Soc , 
26, 186, 1903) found that banum sulfate adsorbs salts of nickel, 
cobalt, chromium, iron and manganese. 

Exp. 12B Coarse and Eme Powders — ^Fink (Joui Phys Cliein,, 21, 32, 
1917) and Briggs (ibid , 22, 216, 1918) pomi out that fine powders adhere to 
coai.ser particles when mixed A coarse led powder mixed with a very fine 
white powder looks wh'te. Also, a fine red powdei mixed mth a coarse white 
powdei looks red Obviously, this mteiests the man ivishmg to use cheap 
fillers in oommorcial pioducts. 

Mix about 0 03 g. of dry Prussian blue with 10 g of dolomite (01 some 
convenient white powdei) that passes a 40-mesh sieve but not a 100-mesJa 
sieve What is the general coloi effect’ Now mix the same weights, but use 
dolomite that passes a 200-mesh sieve Explain the difference Rouge or 
lampblack may be substituted for the Prussian blue 

In a somewhat similar fashion, largei particles settling m a coarse sus- 
pension drag down the smaller particles with them 
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Exp 126 Adsorption of Alkaloids by Lloyd’s Reagent — Dissolve 1 g 
of quminc bisulfate m 80 oc of watei and add 8 5 g of Lloyd’s icagent (a 
hydions alummiini silicate piepaied fiom fulleis’ eaith) Shake well and 
filtei Test the lilliate foi quinine by Mayei’s test oi any of the usual tests 
Explain the result Now wash well with wiitei, diy and extract the powder 
with fiactions of 100 cc ammoniacal ehlorofoim Test the ehloioforni extract 
foi quinine Diaw conclusions We aio indebted to John Uii Lloyd of 
Cincinnati foi this experiment 

Exp 127 Use of Fullers’ Earth m Adsorption Filtration. — Fill two 
tubes, one containmg fullcis’ earth previously heated to 300° and the other 
containing fullers’ eaith heated to led heat, with a heavy, daik, cylinder oil 
which has been w aimed to 100° C, providing tubes with exit stopcocks or 
clamps Allow to stand overnight, then lun off effluent oil and note final 
color 

Exp. 128. Water Rmgs and Capillary Spread — Make a dilute solution 
of ooppei sulfate and cadmium sulfate Add ammonia until alkaline, and 
dilute until the blue coloi is scaicely visible Let scveial diops fall on the 
center of a piece of filtoi paper and hold the papei over the mouth of a bottle 
of ammonium sulfide Thiee lings appear — an outei water iing, a yellow 
ring of cadmium sidfide and a central black ring of mixed copper sulfide and 
cadmium sulfide 

The coppei salt is most strongly adsoihed by the paper and hence diffused 
only a shoit distance, while the cadmium salt diffuses faithei because it is 
less stioiigly adsorbed by the papei. 

This method has been used for the analytical sepaiation of copper and 
cadmium Bailey found that with incieasing dilution the amount of separa- 
tion became greatei 


CAPILLARY RISE OF DYES 

Refeienoos' Pelet-Jolivet m Koll-Zeit, 6, 2.38 (1909), Chem Abs , 3, 
839 (1909), 4, 829 (1910) 

Exp. 129. — The capillary rise of dye solutions, on stiips of linen, wool or 
silk, shows that capillarity is least when the dye is fixed directly by the material 

Dye bases use less than dye acids With methylene blue, addition of an 
acid increases the capillaiy use of the dye and addition of a base deci eases it 
Try this and compare with ponceau 

Docs increased depth of immeision m the dye solution afteot the use? 
Tiy both methylene blue and crystal violet 

What is the influence of concentration on use of coloi? Learn by experi- 
ment if capillary rise occurs when the dye is dissolved m acetone, alcohol oi 
other non-aqueous solvents 

There is evidently a close relation between capdlanty and the electric 
charge on particles 

Exp 130.— Capillary use of dyes in strips of filter ptipcr mci oases as 
adsorption of the dye decreases Basic dyes are strongly adsorbed, theie- 
fore direct dyes show weak capillarity, incicasing with the concentiation of 
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the dye Acid dyea exhibit stiong capillaiily, not incieased by concentra- 
tion 

Positive colloids are like the basic dyes in stiong adsoiption and -weak 
capillaiity Try several To one of these colloidal suspensions add less 
than enough hydrocliloiic acid to coagulate it, and note the change m rise 
To a poition of the same suspension add sodium hydroxide, and measure the 
change in capillaiity. (Molybdenum blue is a negative colloid while methyl- 
one blue IS a positive colloid only m stiongly alkalme solution 

Exp 131. — Sahlboin (Kolloidcbem , Beiheftc 2, 7d, 1910) followed the 
“ membiane hydrolysis ” of aqueous solutions of feme chloride by noting the 
capillary rise of dialyzing solution after dialysis had continued for twenty- 
foui houis, two days, three days, etc The moleeulaily dispeised ferric ohloi ide 
rose lugh m a stiip of filter paper, but as colloidal feriic hydroxide foimcd on 
prolonged dialysis, the use of iron compounds dcci eased as shorni by color 
Such a positive colloid would, ot coiuse, be discharged and coagulated by the 
negative filter paper 

Repiesent giaphically this diffeienco m capillaiy use m the paper strips 

Exp. 132.— Hang strips of filtei papei m colloidal ferric hydroxide and in 
colloidal Piussian blue ExpLuii the diffeienoe m use Remembei that 
Piussian blue is a negative colloid and that the ohaige on paper in water is 
negative 

It has been urged bj’ Wo Ostwald that this capillaiy use method should be 
used as a method of deteimuuug the sign of the clcctiic charge on colloid 
pai tides Thomas and Gaiaid, in a papei well worth reading (Jour Am. 
Chem Soo , 40, 101, 1918) take issue with Ostwald They contend that the 
height of use is wholly a matter of concentiation, presence of electrolytes, the 
atmospheric conditions and the nature of the papei. 

H. B. Weiser states that electrolytes with anions that are not 
readily adsorbed precipitate the positively charged colloids in 
high concentiation and the precipitates are readily reconverted 
to the colloidal state by washing on account of the ease with 
which the piecipitatmg electrolytes are lemoved Electrolytes 
with readily adsoibed aiuons precipitate in low concentration and 
this precipitation is irieversible since the stiongly adsoibed anions 
are not readily lemoved by washing 

The Adsorption Isotherm. — Freundhch has stated that the 
quantitative adsorption of dissolved substances in relation to the 
end concentration can be expressed by the formula 

x=a-C% 

where x is the amount adsorbed by one gram of the adsorbing 
material, 0 is the end or equihbrium concentration in the liquid 
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after adsorption, and a and n are constants depending on the 
nature of the solution and adsorbent 

The value of Freundlich states, vaiies fiom 0 1 to 0 5, 
n 

while a vaiies much more The amount of adsorption by a given 
substance vanes with the solvent, as shown by the fact that coitain 
dyes powerfully adsorbed by glass fiom water solution may not 
be washed off completely by water, while alcohol quickly cleans 
the glass. 

When we plot x against C, tliat i,s, adsorption against the 
equilibrium concentration, the curve becomes a parabola (or 



B’lO 19 — ^Adsorption is>otheim 


approximately so) The logarithm of the equation should plot as a 
straight line, but in practice it usually misses this ideal somewhat 
In some instances the solvent is adsorbed as well as the solute, 
and this compheates matters. Adsorption is proportionally 
gi eater fiom very dilute solutions than from more concentrated 
solutions, winch is certainly not true of reactions 

Exp, 133 — Freundlich (Zeit phys Chem , 67, 385, 1906) states that if 
1 g of charcoal or other adsorbent carbon be shaken twenty minutes by hand 
the system approaches the same cquihbnum as that leached after twenty- 
one houis’ shakmg Qmck surface adsorption is the mam factor, not slow 
diffusion mto the interior of particles 

Shake 1 g of blood carbon with 100 cc of 0 02 N acetic acid for six minutes 
(using a 300 cc Erlenmeyer flaslc) Let settle overnight and remove a con- 
venient fraction with a pipette Titrate with a standard base and recoid the 
acid conoentiation as C. Try similar expenmonts with a series of different 
concentrations, such as 0 03 N, 0 05 N, 0 01 N, 0.6 N, IN, 2 N, etc. 
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Plot X against C II the curve is nothing like a parabola, use more dilute or 
more concentrated solutions to extend the curve. 

Since oxalic acid is adsoibed by cliaicoal and is easily titrated 
in very dilute solution by potassium permanganate, an experiment 
can be managed very well in much the same way as with acetic 
acid. The solutions of oxahe acid should vary from 0 1 per cent 
to 3 pel cent, and extremely ddutc potassium permanganate 
solution should be used m titiation 



Pm ‘iO — Curves for adsorption, reaction and solid solution 

Walker and Appleyard (Jour Chem. Soc , 69, 1336, 1896) 
outline a very good experiment on the adsoiption of piciic acid 
by silk It is best to heat the silk in the bath only to 60°, as it 
becomes tender after a few hours at 100°. 

In Ihc same paper. Walker and Appleyard report an inteiesting 
experiment with picric acid and diphenylamine to show the dif- 
ference between an adsorption cuive and a reaction curve 



CHAPTER XII 


ADSORPTION OF GASES 

First lead the chaptcis on Adsorption in Bancroft's 
“ Applied Colloid Chemistry ” 

The tenacity ivith which glass vessels letam a film of an when 
evacuated, even at elevated tempciatm-es, shows us that a layer 
of gas molecules may be powoi fully adsoibed by solid surfaces 

Fine powders “ suige ” when poured, and lun almost hkc watev 
if heated Each sohd particle is cushioned on a fihn of air. Wc 
have all noticed that phosphorus pentoxide " smoke ” may pass 
through water, an astounding fact In this case a stiongly ad- 
sorbed film of air intei feres with contact between the pentoxide 
and the watei. 

Carbon black, states Cabot, may occupy only 5 per cent of 
its own apparent volume, the rest being adsorbed air, and an: 
free to move between particles 

Exp. 134. — ^Find the density of quaitz (or any suitable solid) and then 
weigh 100 00 of the same solid in finely powdered foim Calculate the 
volume of an present m the 100 oc 

To be exact, air is oompiessed by adsorption Banoioft suggests a good 
experiment to demonstrate this 

Exp. 13B. — Pill a 50 cc vessel with cocoamit charcoal and add water. 
Catch the air displaced by the watei It may amount to 150-200 oc. 

An excellent discussion of adsorption by cocoanut charcoal in 
gas masks is found m the rcpoit by Lamb, Chaney and Wilson, 
Jour Ind Eng. Chem , 11, 420 (1919) They state that 1 cc. of 
war charcoal has a sm’face of 1000 square meters 

Langmuir’s oriented adsorption theoiy is widely accepted 
Particular groups in a compound may bo strongly adsorbed by 
particular solid surfaces, thus placing the adsorbed molecules in 
a regularly arianged layer. 

7.5 
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ADSORPTION BY SILICA GEL ‘ 

Exp. 136. Preparation of the Gel. — ^According to United States Patent 
1,297,724 a highly adsorbent gel is secured aftei mixing (with constant staring) 
hot solutions (60°) of hydrochloiic acid containing 10 pci cent of the gas by 
weight and an equal volume of sodium sihcate of about 1 185 specific giavity 
This mixture sets to a gel in about one hour The gel is biukcn into small 
pieces and washed fiee fiom acid and salt Hot wash water hastens the proc- 
ess It is essential that the water be lemoved slowly in the drymg opeiation 
The gel is fiist diied in a stieam of an at 75° to 120° The tempeiaturc is 
then slowly increased up to 300° 

The final product is a hard, transparent substance lesemblmg glass in 
appearance. 


Properties of Silica Gel 

Chemically, sihea gel is a hydrated form of pure sihea and is 
accordingly exiiemely resistant to most reagents The material 
as shipped from the factory contains appioximatcly 18 per cent 
water hy weight. The water content is not fixed, since on exposure 
to air at oidinary temperatiues, it will either take up or give off 
water, depenchng upon the watei content of the gel and the 
humidity of the an 

Physically, it is a haid, semi-transpaiciit glassy substance 
Its baldness on the mineral scale is about 5, and it undeigoes 
but little abrasion with oidinary handling It is capable of use 
either in powdered or granular foim The mateiial as fuimshed 
to the trade does not undergo any volume change with valuation 
in water content or when used to adsorb gases and vapors 

The paiagraphs which follow are written with particular 
loference to the use of granular gel, the size of granules ranging 
from S to 14 mesh 


Activation 

The gel, as furnished to customers, must be activated befoic 
use. This may be readily accomphshed by heating to a moderate 
temperature in a stream of air for a few horns. For the activation 
of small quantities of gel (200 grams or less), a satisfactoiy pro- 
cedure is as follows; 

Exp. 137. — Place the gel m a tube not moie than 1 5 inches in diameter, 
bent as shown m Fig 1, immeise the tube m an oil bath at 160° C and pass 

^ Adapted from bulletms issued by the Silica Gel Coiporation of Baltimore 
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air, pioferably preheated to the same temper atm e, through the gel at a rate 
of 25 cc to 60 CO per minute per gram of gel, for a period of two hours The 
gel should then be allowed to cool eithci in a stream of dry an or protected 
from atmospheric moisture by means of a drying tube Tins treatment will 
reduce the water content to 7 per cent or less and gives a product which is 
satisfactory for the adsorption at ordinary temperatures of vapois of liquids 
boiling between —10“ C and +150“ C Activation should always be earned 
out in an an stieam, the object being to carry away the natcr vapor given off 
by the gel and to assist m the distribution of heat 

The above piooeduie also applies to subsequent reactivations of the gel 
aftei use as a diying agent or aftci the gel has been exposed to steam, as m the 
recovery of solvents The tune necessary for these subsequent reactivations 
may be materially reduced, as expeiience dictates, but foi the mitial activa- 
tion manufactureis of silica gol recommend two hours or mifte 

Prolonged heating at 600° C. will i educe the water content to 
3 per cent or less A small amount of water is essential to struc- 
ture An attempt to reduce the water content below 2 per cent 
geneially results in a bieakdown of structure, accomioamed by a 
change in physical appeaianco The clear, scmi-tiansparent, 
glassy appearance is lost, and we have a milky-white, opaque 
substance left, which has but little adsoiptive power. Whenever 
such white particles are observed after activation it indicates 
cither that these paidaeles have been subjected to too high a 
temperature or that the temperature was raised too rapidly at 
first Patrick and Davidheiser recently piopared an active gel 
with a water content of only 0 33 per cent 

Activated gel should not be allowed to come m contact with 
water or other liquid and should not be exposed unnecessarily to a 
moist atmosphere. 


Detebmination of Water Content 

The water content of sdica gel after activation may be leadily 
deteimined by blasting a weighed sample of gel to constant weight 
in a platinum crucible 

Principles of Adsorption 

In order to make clear the principles governing both adsorption 
and liberation of adsorbed material the cuives shown m Fig 21 
are reproduced here These are adsorption curves for sulfur 
dioxide, but will serve to illustrate general principles They show. 
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at various lempcial.uios, the i clarion between the quantity oi 
sulfur dioxide adsoibed and the paitial piessuie oi concontiation 
of sulfui dioxide gas in tlie space suiiounding the gel 

A statement of thaee general principles will help in the under- 
standing of these curves- 

1. The process of adsoiption of a gas or vapor in silica gel is a 
reversible one 

2. Sihea gel containing a definite amount of adsorbed gas or 
vapoi at a given tempcratui-e will be in equilibrium with lespect 
to a particular concentiation of this gas or vapor m the space 
surrounding the gel. 

3. The system made up of silica gel and gas (or vapor) having 
reached equilibrium at a particular tempeiatui-e and concentration, 
this oquilibiium will be chstuibcd by any change, either in tempera- 
ture 01 in the concentration of the gas (or vapoi) in the space 
surrounding the gel, and the gel will in consequence cither liberate 
some of its adsoibed material or take up moie The accompany- 
ing curves indicate clearly the direction which such change will 
take 

If, for example, we pass over the gel at 100° C , a mixture of 
sulfur dioxide and air containing 4 pei cent of the foimer by 
volume, adsorption will stop when the gel has taken up about 
0 5 per cent of its weight of sulfur dioxide After this amount has 
been adsoibed, the gas emerging from the gel chamber will have 
the same amount of sulfur dioxide as that entering the gel chamber. 
In other words, at 100° C , gel containing 0 5 per cent of its 
weight of adsorbed sulfui dioxide will be in equilibrium with 
lespect to a mixture of this gas and air contaimng 4 per cent by 
volume of the foimei If, however, we work at 40° C., the 
equihbnum point is reached only when the gel has adsorbed about 
4 5 per cent of its own weight of suKur dioxide. At 30° C. the 
equilibrium point is reached at 5 per cent adsorption, and at 
0° C. at 14 per cent adsorption. 

These curves also make clear to what extent the quantity of 
sulfur dioxide taken up by the gel is a function of the concentration 
of sulfur dioxide in the space surrounding the gel 

The effect of tempcratuie is shown by the following: Piom a 
mixture of sulfur dioxide and air, containing 4 per cent by volume 
of sulfur dioxide (partial pressure about 30 mm ), the gel takes up 
4 per cent, 6 per cent, 8 2 pei cent and 11.1 per cent sulfur dioxide 
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by weight at 40°, 30°, 20° and 10°, lespectivoly The effect of 
concentration may be illustrated by the following At 30° the 
gel takes up 2.3 per cent, 6 per cent, 7 1 pei cent and 8 per cent 
by weight of sulfur dioxide from mixtures containing 1 per cent, 
4 per cent, 6 per cent and 8 per cent, lespectivcly. 

Since adsoiption is a leveisible process, it is clear that, having 
saturated the gel at a given temperature with i cspcct to a particular 
concentration ol suKur dioxide, and keeping the temperature con- 
stant, if wo 1 educe the concentration of gas m the space suriound- 
ing the gel the latter will give up its adsorbed material till a new 
condition of cquihbiium is estabhshed with icference to the 
altered concentration If at the same time wc laiso the tempera- 
tuie, the now equilibrium is reached moio quickly and, at equihb- 
iium, the gel will have less adsorbed material than at the lower 
temperatuio 

In practice, for the recovery of mateiial which has been 
adsorbed in the gel at a compaiatively low temperature, we do 
both; that is, we raise the tempeiatuie and reduce the partial 
piessuie 01 concentiacion of the gas or vapor in the space surround- 
ing the gel 

Woiking tempei atures — It will lie clear fiom the curves that, 
for adsoiption, the lower the temperatuie the better In piactice 
wc geneially adsorb at room temperatui-e For liberation of 
adsorbed material we work at temperatures ranging fiom 100° C 
to 150° C , depending on the volatihty of the substance m question. 
For the liberation of such liquids as ethei, ethyl and methyl 
alcohols, benzene and water, 110° to 125° C is ample For 
high-boiliiig liquids, correspondingly high temperatures are re- 
quiied 

Wo may i educe the concenti akon of the gas or vapoi in the 
space surrounchng the gel in eithei of two ways 

1. By passing thiough the gel bed a stream of pure air, steam 
or other vapor 

2. By exhausting the vessel containing the gel 

By either of these methods we may brmg about rapid hberation 
of adsorbed material at the temperatures given above. 

It has been found that liquids of high boiling point are more 
strongly adsorbed than vapoi s from a hquid of low boiling point 
Furthermore, adsoiption decreases with rise in temperatui'e 
Also, the greater the partial piessure of vapor being adsorbed, the 
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greater is the extent of the adsorption All these facts suggest the 
idea of condensation of the vapoi in the adsoihent 

All adsorbents are porous, with a large internal volume com- 
posed of exceedingly fine pores Smce a hquid in a small tube 
(capillaiy) possesses a lower vapoi piessure than the normal vapor 
pressiue, it must be easiei to condense a vapor into a small capillary 
than on to a level suiface 

Silica gel IS used successfully at oidinai’y temperatures and 
under atmospheiic pressuie to remove from air the vapors of any 
liquid mixed with air in any pioportions, piovided the hqmd boils, 
undei atmospheric piessure, above —10°, 

Apparatus and Method of Work 
Adsobptxon 

The apparatus lequired for a laboiatory sbuK of adsorption, 
by silica gel, of gases and vapors when mixed with an or other 
pcimanent gas consists essentially of the following. 

1. Means of accmntely measuring and controlling gas volumes 
passing through the apparatus tram 

2 Means of mixing air and vapoi s in any desued pioportions 

3. The adsoiption apparatus piopei. 

4 Means of analysis of the gas mixture before and after it 
passes through the ahsorber 

For measuring the volumes of air or other non-corroding gas, 
we may use an ordinary gas meter Foi accuracy, ease of contiol 
and convenience, the type of flowmeter and accessories employed 
by the Research Division of The Chemical Warfare Service is 
lecominonded This apparatus has been fully described in a 
number of places, and a brief description of ceitaiii adaptations 
made by the Davison Chemical Company will suffice for our 
present purpose 

The essentials of an air flowmeter, with means of control and 
calibration, aie illustrated in Pig 22 An- enters at A under a 
pressure slightly greater than the head of water in F, and con- 
sequently a portion of it goes to waste through C The balance, 
which is to be metered, passes through the stopcock K to the 
flowmeter, consisting essentially of a capillary tube D spanning 
the two ends of a U containing water or other liquid. The 
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pressure drop tluough the capillary is indicated by the difference 
m level of the liquid m the two arms of the U. The piessure in 
G, and consequently the pressuie diop thiough D, is legulated 
by the stop cock K. The piessure on the left side of K should be 
slightly grcatei than the desued flowmetci differential. This 
pressure may be regulated by adjusting the head of water in F 
and, to a certain extent, by varying the volume of air going to 
waste through C. The head of water in F may be regulated by 



raising or lowering the adjustable tube B or, moie conveniently, 
by means of an adjustable rescivoir J. The flowmeter differential 
should not be less than 10 cm for the smallest volume of gas to be 
metcied. 

Fig 22 also illustrates a convenient method of cahbrating a 
flowmeter. The cahbration consists in determining the relation 
between pressure drop and volume of gas passing thiough the 
flowmeter in unit tunc If we maintain a constant piessure in (?, 
as may be readdy done by means of the arrangement shown, and 
draw off water at H at such a rate that the levels of liquid in the 
two limbs of the manometer I lemam always the same, the air 
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will have passed through the flo\vmetei at a umfoim rate and its 
total volume will be equal to the volume of water drawn off. 
In this way we ascei-tain the volume of air, in cubic centimeters 
per minute, which will pass through the flowmeter with the 
particular pressuie differential employed, and we have one point 
on the calibration curve. By raising oi lowering the adjustable 
tube B or the reservoir J, we can alter the pressuie in G at will, 
and so determine as many pomts on the calibration curve as 
desired. 

A flowmeter calibrated as above may be used as a standard m 
calibrating other flowmeters of approximately the same capacity 



The method described above is also applicable in cahbratmg 
flowmeters for gases other than au, provided a liquid is used in 
wluch the gas in question is only shghtly soluble For calibrating 
a flowmetei for small volumes (1 to 10 cc. per minute) of such a 
gas as sulfur dioxide, for example, analysis is preferable to the 
method described above 

The capacity of the flowmeter will, of course, depend on the 
size and length of the capillary D and the height of the U-tube E 
Fig 23 gives the essential features of an apparatus for studying 
the adsorption of the vapoi of a volatile liquid A certain 
definite and constant volume of air per minute, dried at N and 
metered through B, is satmated at a desued temperature with 
vapor by being bubbled successively through at least three bottles, 
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C, D and E, containing the liquid whose vapor is to be adsorbed 
The hquid in the saturators must, of com-se, be kept at a constant 
temperatuic by means of a properly regulated bath. A fouith 
bottle, P, should be loosely packed with glass wool to pi event 
liquid spray from being cai i led over. The mixture of air and vapor 
thus obtained passes mto the mixer F, where it may or may not be 
diluted by nuxmg with a known volume of fiosb air, metered 
separately and admitted at ilf The gas imxtuie thus obtained 
passes from F to the absoiber A The three-way stopcocks, 0 and L, 
permit the taking of samples for analysis The air admitted at M 
may be dried, or any desiied amount of moisture may be intio- 
duced at this point. It is clear that bv vaiymg the temperature 
of the bath the relative volumes of aii adimti,ed thiough B 
and HI, and the humichtv of the air admitted at M, wo can, in a 
very simple way, study adsorption m K under a wide vai icti" of 
conditions 

This arrangement of the apparatus is intended foi use when 
the ail IS saturated with vapor at a t.cmpcrature below that of the 
room If it IS desired to satiiiate the air above room temperature, 
the mixer F should bo placed in the same bath with the satuiatois 
C, D and E, and all connections submerged beneath the sin face 
of the liquid in the bath 

For a study of the adsorption, by sihca gel, of gases, instead of 
vapors of hqmds, mixed with air, the air and the gas m question 
are metered separately m the desned proportions, mixed in a bottle 
or a vessel similar to F (Fig 23) and are passed through the gel as 
before Piovision must, of course, be made for analysis of the 
mixture before and after it passes through the absorber, 


Relation between Weight op Oel and ^'olume op Gas 

The relation between the weight of gel in the absorber and the 
volume of gas passing per imnute is, of coiu'se, subject to variation 
We express this relation m terms of cubic centimeters per minute 
per giam of gel Most of the woik on which this discussion is 
based has been carried out with rates of gas flow ranging between 
40 cc and 100 cc per minute per gram of gel If granular gel is 
used, and the particles range in size from 8 to 14 mesh, a practical 
rate for adsorption in general is 50 cc per minute per gram of gel 
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This rate allows approximately 0 6 second as time of contact 
between gas and gel 

From what was said above, it is obvious that the proceduic 
to follow m ordei to lecovci the adsoilied material consists in two 
steps 1, laisc the temperature, and 2, decrease the paitial pies- 
sure of the vapor over the gel by evacuation or by displacement 
with au', steam or othei vapoi 

Thus, adsorbed water may be driven out by air at 115° C , 
more rapidly at 125° G , and still moic rapidly at 150° C High- 
boilmg liquids may be adsorbed without difficulty, but leqiiiro a 
coiies]iondingl}^ high tempciatiiie foi lecovciv from the gel, 
Silica gel IS almost ideally adapted to the adsoiption and lecoveiy 
of the vapoi s of liquids boiling between 30° C and 150° C in 
that it takes up largo qiiantaties of those vapoi s at room tenipeia- 
ture and gives them up readily at slightly elevated temporatuies, 
that is, fiom 100° C to 200° G. This classification includes most 
of the impoitant solvents, such as ether, acetone, methyl and 
ethyl alcohol, benzene, gasoline, methyl and ethvl acetates, and 
many others It offcis a satjsfactoiy means foi cliymg air and for 
the locovery and concentration of the vapors of inoio volatile 
liquids, such as sulfur dioxide. 


Static and Dynamic' Methods 

The adsorption of siilfui dioxide by silica gel has been thor- 
oughly studied by both the static and the dynaimc methods. 

The static method consists in placing a convenient amount of 
the gel in a small apparatus, winch is then exhausted to the highest 
vacuum obtainable. To msiiie complete lemoval of air the vessel 
is heated to 300° G., and this temperatiue maintained, with the 
pump in continuous operation, for six houis, or until no more air 
can be pumped off The pump used is the Gaedc high-vacuum 
meicury pump. The vessel containing gel is then jilaced in a 
thermostat and a known amount of siilfm’ dioxide intioduced 
Aftei the system has come to eqiiilibiium, which requires not over 
fifteen minutes, the pressure is obscived and the quantity of sulfur 
dioxide adsorbed is determined 

The dynamic method consists m placii^ a convenient quantity 
of granular gel, usually 10 g , in a glass tube of 1 to 2 sq cm in 
section, bent in the foim of a U foi convemence of immersion in 
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the thermostat, and passing through the gel at a given temperature 
a definite mixtui-e of sulfur dioxide and air. The air and sulfui 
dioxide aie metered separately thiough carefully calibrated flow- 
meters similar to those used by the Chemical Warfaio Service, 
passing first into a mixing chambei and thence over the gel. 
Under these conditions the gel adsoibs the sulfur dioxide com- 
pletely for a certain period. At the 
end of this period a trace of gas begins 
to come through, the percentage of 
sulfur dioxide in the exit gas mci eas- 
ing rapidly, becoming finally equal 
to that of the entering gas This cor- 
lesponds to the point of satuiation for 
this paiticular mixtuie and temper- 
atuie. 

A simple form of apparatus for 
Dairying out this operation in the 
laboiatoiy is shown m Figj 5 

The gel tube B with its adsorbed 
mateiial is immersed m bath C, and 
when the temperature of the gel 
reaches 100° C steam is admitted at 
A. The mixed vapors are condensed 
in U and collected m leceiver E To 
I'lu. 24 -Tube of active silica loss by evaporation through 

gel vent, etc , ice watci should circulate 

thi’ough the condensei and the re- 
ceiver should be surrounded by ice water After displacement 
of the adsorbed material by steam, the gel, before being used 
again for adsorption, should be reactivated in an air steam as 
already described. 

The method just described is m principle perfectly adapted to 
the lecoveiy of liquids which, hke ether, benzene, etc , are but 
shghtly soluble in water, and do not react chemically with it 
For substances which, hke acetone and alcohol, are miscible with 
water, the distillate may reqmre subsequent fractionation For 
this class of liquids, recovery by evacuation instead of steam dis- 
placement may be preferable, from a practical standpoint Steam 
displacement may also prove impracticable for esters, such as 
ethyl and methyl acetates, on account of hydrolysis, with forma- 
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tion of acetic acid and alcohol. It foi any reason steam displace- 
ment IS impossible, the adsorbed material may be hbeiated by 
vacuum or by displacement with a vapor other than steam. 



Read a more detailed article on adsorption by McGavack and 
Patrick, Jour Am Chem Soc., 42, 946 (1920) 

A series of experiments with silica gel, ferric oxide gel (as 
prepared by R. E. Wdson and Leon Parsons at Massachusetts 



Institute of Technology) or similar gels may be performed with the 
apparatus described in Fig. 26 It is worth while to study the 
gain in weight of the gel at diffeiont temperatures, as well as at 
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different partial pressures of the gas adsoilicd. Cun'cs may then 
be plotted 

In Fig. 26 is represented an apparatus with which it is easy 
to dcteinune when the active material is saturated (under the 
given conddions), oi neaily so 

Sulfur dioxide is led through the tram of 100 cc bottles, D, C, 
B and A by opening and closing the pioper screw clamps at J, etc 
D IS a safety trap, C is paitly filled with water, and B and A 
contain a solution of sodium hydi oxide to prevent sulfur dioxide 
fioin poisoning the an of the loom As soon as the water in C 
IS saturated, the bubbles per second or minute aic counted Then 
the gas IS shut off fiom this tram of bottles and led through the 
flowmeter at E It is warmed (if desired) by passing thiough the 
tube F filled with glass wool, and is adsorbed by the active gel in G 



Fin 27 — Capillai v foi flowmctci 


Some unadsorbed gas passes on through the tram of bottles, 
D, C, B, A If the oiiginal rate of flow was 100 bubbles pei 
unit of time and after passing ovei the adsoibent it is only 60 
bubbles, it is evident that half the gas is being adsorbed 'V^en 
no more is adsorbed the rate of bubbling uses to 100 again and the 
tube 0 may be weighed A connection may be made at I with a 
second flowmeter from which an may be drawn foi any desired 
dilution A mixing Iiottle should then be placed at I. In this 
case the flowmeters aie useful in showing the maintenance of flow 
of the gas The capillaty insert at H should have a fine opening 
barely large enough to be easily visible The best arrangement 
of the capillary insert is magnified m Fig. 27. 

EXPERIMENTS ON FERRIC HYDROXIDE GEL 

[Contributed by Dr Leon W Parsons of Massachusetts Institute of 
Technology ] 


Preparation of Feme Hydroxide Gel 

Exp. 138 — Mix 6 pel cent solution of feme chloride with 6 per cent solu- 
tion of sodium hydroxide at 40° C. with vigorous agitation Allow the pu>- 
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Bipitated material to settle Wash repeatedly by decantation, finally on 
filter cloth Wash fiee of chloride Diy the lesulUnt material at about 
110° G foi soveialhouis, finally in vacuo, if possible Scicen to 8-14 mesh 
This mateiial is obtained in the form of a veiy active quasi-gel and may 
be used foi vaiious experiments on adsoiption, catalysis, solvent lecoveiy, etc , 
one of which is mentioned below. 

Use of Ferric Hydroxide Gel for Solvent Recovery 

Exp 139 — Pass a stieam of an thiotigh a test tube containing carbon 
totiachloiide and then thiough an oidmary U-tube containing non gel (using 
two 01 tliiee 111 seiios if uecessaiy) Remove and weigh tubes *at icgular 
intervals, stopping expeiiment when tube No 2 starts to gam weight The 
above experiment may be performed also with tubes containing chaiooal, 
silica gel 01 fulleis’ caith The piocess of recovery of solvent may be illus- 
tiated by meiely heating the materials, driving off the substances adioibcd 


EXPERIMENTS ON FULLERS’ EARTH 

[Contiibuted by Leon W Paisons of Iilassachusctts Institute of Tech- 
nology ] 

Preparation of Fractions of Different Quality from Same Sample 
of Fullers’ Earth 

Exp. 140 — Heat a small poition of 15-30 mesh fulleis' earth to the follow- 
ing temperatures, in a small non crucible, coolmg the lesulting samples out of 
oontart with an and stoppeimg the container tightly 125° C, 300° C, 
460° C , led heat Use diffeient samples ioi the following expel iments The 
earth heated to 450° and containing 3-5 per cent watei is the most active, 


Activity of Different Fractions of Fullers’ Earth 

Exp. 141. — Mix 10 cc of a solution containing 6 ce pmeno (157°-158°) 
and 6 co xylol m a lough Dewar flask (made from two test tubes of diffeient 
sizes) and add 2 5 g of each of the above samples of fulleis’ eaxth, stirring 
slowly with a thermometer and noticing the tompeiatuie rise with time 
Xylol is meiely a diluent Tiy the experiment without xylol It is said that 
the earth acts oatalytically to polymeiize the pmene, 

Behavior of Water of Constitution and Hygroscopic Water 
Contained m Fullers’ Earth 

Exp. 142. — Expose a small sample of fuUers’ eaith, heated as above 
indicated to 450°, for one hour m a fauly humid atmosphere. Weigh out 
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2 5 g. and add to the above mixture of pmene and iylol, noting the tempera- 
ture rise. Heat another 2.5 g portion to 110° C. for a short period, noting 
the temperature rise on mixing with the pmene and xylol Has the adsorp- 
tion of a film of -water made the earth more or less, active? 

Exp. 143.— Heat a sample of fullers’ earth at about 300°-400° until it 
contains, say, 8 per cent of water Now heat anothei sample much hotter 
until it contains decidedly less water. Then let it stand in moist air until 
its moisture content is also 8 per cent. Experiment will show that it is less 
active than the fiist sample. Why? 



CHAPTER Xlir 


REACTIONS IN GELS 

This chapter is largely composed of quotations fioni the 
authoi's own papers: Jom\ Am Chem. Soc., 40, 1187 (1918), 
Jour Phys. Chem., 21, 709 (1917) , and Jour. Fraiildin Institute, 
184, 743 (1917) 

The student should repeat a suitable numboi of the experi- 
ments, including at least those with gold, copper chromate and 
lead iodide. 

As a preface to a study of crystal formation m gels, we must 
note their retardation of the lates of diffusion of acids, bases and 
salts, and their prohibition of diffusion of colloids The mesh 
stiucture of gels must be practically equivalent to a nctwoik of 
capillary channels filled with the less concentrated phase It 
follows, then, that the presence of substances affecting the dis- 
tribution of water between the two phases must affect the size 
of these channels and change the rates of diffusion above men- 
tioned For example, Hatschek states that such salts as citrates 
and sulfates produce more rigid gels, liut iodides and sulfo- 
cyanates retard or prevent gel formation Bechhold adds that 
sulfates, glucose, alcohol and glycerol letard diffusion, while 
urea, iodides and chlorides accelerate it 

The influence of certain gels — or jellies — on crystal growth is 
illustrated by many crystalhne iiiincials It is probable that 
gelatinous silicic acid was the ancestor of vein quartz and by 
gradual dehydration became haid silica rock In the gelatinous 
medium, reactions took place midcr conditions favoimg the forma- 
tion of crystalhne veins. For example, the reduction of gold salts 
produced crystals of gold, veining the gel, which later became 
quartz A convincing part of this development can be repro- 
duced m the laboratory 

To the geologist, a woildng method of duphcating many such 
processes of nature must be of great value. To the chemist, a 
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study of reactions in gels gives a useful control of relative con- 
centrations and velocity of reactions The pathologist finds in 
the subject some relation to the foimation of crystalline material 
in animal tissue. 


METHODS OF WORK 

The author found it convenient to mix equal volumes of solu- 
tions of sodium sihcatc and some acid, poming the water glass into 
the acid and mixing quicldy and thoroughly Before the sdicic 
acid set to a sohd, one of the reacting salts was imxed with this 
solution, which was then pouiod into test tubes After the gel 
set, the other salt solution designed to leact with the first was 
poured on top The solution on top should have a gi cater osmotic 
prossuie than the gel, to insure -reaction within the gel instead 
of above the suiface 

The water glass used was a commercial giadc known as “water 
white,” with a density of 1 375 The ratio of the NagO to the 
SiOs was 1 to 3 5 When diluted to a density of 1 06 and titrated 
against hydrochloric acid, phcnolphthalem being used as an in- 
dicator, it was equivalent to 0.51 N acid. With methyl led as 
indicator the noimahty was 0.57. 

Pouring the niixtire, before it sohchfies, into the bend of a 
U-tube gives the expenmentcr excellent control of conditions 
The two reacting solutions, pouicd separately into the arms of the 
U-tubo, slowly diffuse through the gel and meet, often forming a 
sharp precipitation band. Any amount of either solution can be 
used m this method. 

Hatschek, in some of his woik, dmects that the mixture of 
watei glass and acul be dialyzed to free it from excess acid and 
salts The addition of a veiy httle ammonia sets the gel In 
other experiments he did not dialyze. The authoi does not find 
it necessaiy or desirable to dialyze out the acid and salts, as their 
influence on crystal foimation or development of banding is 
beneficial in most instances In a number of experiments he used 
a large excess of acid, and in others he added salts or non-elec- 
trolytes to seeiu’e certain effects 

Pnngsherai states that when two salt solutions diffuse into a 
gel m opposite directions the reaction does not proceed beyond a 
thin film, if the solutions are isotomc A hypertomc solution con- 
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tmues to diffuse into a hypotoiup, and any precipitate foi mod is 
deposited in the latter In accord with this idea, Hatschek often 
added indiffeient substances to the solution on top of the g,el in 
order to insure reaction below the gel suiface. 

Exp 144 Lead Iodide. — Load iodide ciystah had been made by other 
invcstig.T,tois, but meiited furthei study Tlus is ono of the easiest to make, 
as well as the most spectacular, of all the oiystal exhibits A 1 00 watei glass-N 
acetic aeid mixture, contammg 2 cc of N lead acetate to every 2.5 ce was 
pouied mto test tubes After the silicic acid gel set fiimly, it was covcicd with 
2 N potassium iodide A compact layer of load iodide quickly foimed on the 
smfaoe, followed very soon by crystallization below the suiface of the gel 
In a few days fein-like fionds giew down mto the gel, mixed with many 
hexagonal plates These conccntiations may be varied with inteiesting 
losults, and the load salt may be used above the gel w ith the potassium iodide 
111 the gel The finst order is much bettor Magnifaccnt golden feiii fronds, 
8 cm in length, and nearly perfect hex.igons, 5 mm lu diametei , weie obtained 
m some experiments In one or two tubes, six hexagons grouped .iiound a 
center, then arrangement greatly resembling that of some snow crystals Gn 
stanclmg m diiect sunlight lor several months, lire load iodide ciystals blacken 
somewhat 

Exp 146 Copper — Perfect totiahcdions of mctallio coppei wore obtained 
111 a 1 06 wrater glass-N acetic acid made 0 05 N w ith respect to copper sulfate 
The gel was covered with a 1 pci cent solution of hydroxylammo hydio- 
chloiidc In a week or tw o the tetiahedrons w'cic laige enough to be obsei vod 
with the unaided eye Those foimed near the suiiaeo wcio much smallei than 
those at greater depths Of comse, the faithei the reducing solution diffused 
into the gel the more dilute it became In a beam of sunlight the faces of 
the tetrahedrons gleamed with a splendid copper luster In nearly all 
experiments one or moie groups of overlapping tetrahedrons xvoie noted 
These formed m three radiating lines, imiking .anglc.s of 120°, or m some 
instances of 00°, 120° and 180° This arrangement of coppei crystals is 
found m mineral deposits All the other reducing solutions tried weic mfeiior 
to hydroxylamine 

Exp 146. “ Lead Tree.” — Simon grew' the w’dl-lmowm “ lead tiee ” in a 
silicic acid gel containing lead acetate A bit of zinc or tin was pressed into 
the lop of the gel The author lound that if the gel is about 0 02 N with 
lespcot to lead acetate a splendidly biairchmg tree giows and may be handled 
roughly since it is suppoited on all sides by a solid 

Theory. — To prove that a gel was not necessary to account for 
ciystal formation by regulated diffusion, the author filled the bend 
of a U-tube with alundura powder. In one arm of the tube ho 
poured a solution of potas-sium dichi ornate and m the other a 
solution of silver nitrate Slow diffusion through the capillary 
spaces of the alundum allowed the formation of ciystals of silver 
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diehi ornate, 1 cm in length. Similai’ cxpciimcnts, calthough not 
so striking, weio peiformcd with baiiuiu sulfate powder, floweis of 
sulfui- and closely patked asbestos In repeating such experi- 
ments the difference m concentration of the solutions in the two 
arms of the U-tube should be varied thioughout a senes 

Without doubt, any compact mass of insoluble discrete particles 
with pioper-sized capdlaiies will function as a gel m favoring the 
formation of c^3^stals Other influences may be present in a true 
gel. Adsorption, piessuie and solubility effects may greatly 
influence the capillary space results A rather amorphous insoluble 
compound, first formed by the meeting of two reacting substances 
in a relatively iiaiiow channel, may turther regulate the rates of 
diffusion m such a way as to give time for crystal formation of 
more of the same insoluble compound In this suggestion the 
geologist may possibly find an explanation ot the marked crystal- 
line natiue of some mineral voins The pathologist, too, may 
obtain some light on the accumulation of ciystalline deposits m 
animal tissue 

Exp. 147. Crystals without a Gel. — To test the theory, the mouth ol a 
10 CO specimen tube was coveicd with a sheet of gold-beater’s skin, held on 
fiimly with a lubber band The tube had fust been filled with a solution of 
0 1 N potassium iodide Care was taken to leave no air bubbles on the 
under side of the membrane and to imse the outside of the tube The tube 
was then immeised in a small beakei of .satuiated lead acetate solution. 
At onoo an almost amorphous piecipitate of lead iodide appeared on the 
under side of the membrane, and iii less than a mmute crystals of lead iodide 
fell 111 a beautiful gloaming showei, lapidly incieasmg in amount It is 
very easy to sceme gleaming ciystals of lead iodide by cooling its hot solution, 
but m this expeument the solutions were cold If the same solutions aie 
mixed m a tost tube without the use of a membrane, a yellow powder results 

When the more concentrated .solution was placed inside the 
specimen tube, the ciystals formed on the upper surface of the 
membrane This is m accord with the osmotic chffeience rule of 
Pnngsheim With less difference in concentration of the reacting 
substances m the solutions, the reaction was much slower. 

Separal mg solutions of silver mtiate and potassium dichromate 
in this way, it was a simple matter to make a gram or two of 
brilliant ciystals of sdvei diclu ornate which settled to the bottom 
of the tube Possibly this method may bo of some use in the 
preparation of pure compounds, smcc the crystals are not mixed 
with an annoying gel. Other thm, scmi-xiormeable membranes 
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serve Parchment paper is good, but gold-beater’s skin is most 
suitable 

To cany the thcoiy fmlher, the only need of the gold-beater’s 
skin is to prevent sudden wholesale mixing of the solutions and 
mechaiucally sustain the rather amorphous inecipitate first formed, 
which then functions as the real active membrane This theory 
IS not univcisal in its application, for in gels excellent crystals of 
a number of substaques foimod without the appeaiancc of a pre- 
hminaiy compact layer of precipitate In these instances only the 
gel functions in regulating diffusion The 'theory docs apply, 
however, in the absence of a gel and m all instances where a 
compact precipitation band is formed 

RHYTHMIC BANDING 

Rhythmic banding of precipitates ivas first obseived and 
recorded by Liesegang, hence the name “ Liesegang’s rings ” His 
original experiment dealt with the rhythmic precipitation of silver 
chromate in gelatin A solution of sdver nitrate was poured on a 
solid gel containing dilute potassium chromate The precipitate 
of silver clii ornate formed was not continuous but marked by gaps 
or empty spaces at legular inteivals 

Exp 148 Liesegang’s Rings.-Piepaio a gelatine gel containing 4 g, of 
gelatin, 0 12 g of potassium dichiomate and 120 cc of watei. Let it cool m 
the ice-box tVhen it is film, caiefully lemove from the beakei and iraineiso 
m a solution of 8 5 g silver nitiate m 100 cc of water The gel must be 
completely oovoi ed with solution Replace m the ice-box for a day or two and 
then pour off the silver nitiate, imse and cut a slice through the middle of the 
gel Remarkable bands of silvei dichromatc aie seen This experiment is 
from Liesegang and Wo Ostiiald 

Exp 149. Mercuric Iodide — ^A tube of silicic acid gel (from mixing equal 
volumes of 1 06 density water glass and N acetic acid) was made 0 1 N with 
respect to potassium iodide and coveied with 0 6 N mercuric chloride In a 
few days, bands of led crystallme meiouiic iodide began to appear These 
bands were not sharply maiked foi the fiiat cm or two below the surface of 
the gel, but below that depth weie excellent In some tubes there were 40 
bands, rather sharply marked, m a distance of 8 cm The spaces between 
the thin disks contained many scattered ciystals 

In a U-tube with a gel hllrag the bend, 0 5 N meicuiic chloride in one 
arm and 0 1 N potassium iodide in the othei, the .sharp led bands of 
inercurio iodide followed the cuivo bke laiiks of soldieis pivoting in legular 
formation The excess of mei curie chloride diffusing into the gel leaded 
with the red mercuiic iodide, foimmg a soluble colorless double salt, leaving 
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tliQ gel somewhat clearer where the red bands had been This gave the 
appeaianoe of shadow bands following in the loat 

The piesoncc of glucose in the gel made the bands very much shaipcr 
Sodium chloiidc, on the othci hand, dunmished the tendency to band and 
in sufBcient concentiation prevented it altogetliei In a gel of the com- 
position described above but containmg an added 10 per cent of sodium chlo 
ride, the meiciuic iodide foiined, 
not in the usual red needles, but 
m miioh laigoi ciystalline aggre- 
gates, and veiy few bands appeared 
The ciystals were scatteiod m an 
uiegulai way The addition of 
sodium ehloiide to the amount of 
25 pel cent of the weight ol the 
gel caused the ippearaneo of still 
largei widely se.iilered eiystallino 
aggiegatcs Noilhei needles noi 
bands iverc m evidence Since a 
gel made fioin sodium silicate and 
hydiocliloiie acid contains consid- 
erable soluble chloiido, no shaip 
bandmg otmcicmie clilonde could 
be expected uudci such eonditioiis, 
This may explain why eailiei in- 
vestigators in this held tailed 1o 
recoid the beautiful examples of 
banding possible with meroiuio 
iodide It is woithy ot note that 
when morcuiic nitiate was substi- 
tuted tor meicuric chloride still 
finer banding was obtained This may be due to the absence of chlorides oi 
m pait to the fact that meicmic chloiido is leas ionized than moi curie nitrate 
Exp. 160. Copper Chromate — ^'I’lie bandmg of copper chromate m a 
silicic acid gel of very slightly basic leaction afloids the best mateiial foi a 
detailed study of the phenomenon Gold banding is often more beautiful, 
but the roinaikable shaipiiess of the layeis ot coppci chromate and the peifeot 
clearness of the gaps excel all othei examples 

A gel fioin mixing equal volumes of 1 06 density water glass and 0 5 N 
acetic aoid was made 0 1 N with rexpect to potassium chromate (befoio 
sohdityuig) and was latei covcied with 0 5 N coppei sulfate In a day or 
two, bands of appaiently amoiphoiis copper chromate formed The fiist 
layer was often lathei deep, 1 cm oi moie, then a clear gap with no trace of 
a precipitate of copper ehiomate, below' that a much thinnei band, more gaps 
and bands, the gaps wndenuig steadily 

Thc.so relative distances varied not oiilj'- with the initial con- 
centiations of the reacting solutions, but also with the volumes of 
the potassium chromate solution m the gel and the copper sulfate 
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Fig 28 — ^Rhythmic bands of meicmic 
iodide in a silicic acid gel 
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solution above. It is, of coui-se, appareni, that these relative 
volumes gieatly influenced the lates ot decrease in the initial con- 
centrations. The distances wcic also influenced by the substitu- 
tion of other acids for acetic in making the gel The first deep 
band at the top always showed moie or less distmct inaiks of 
smaller bands merging leather 
hazily into one In reality, 
then, the bands steadily in- 
creased m thickness from the 
first as did the width of the 
gaps. 

In a typical gel made as 
above, the depth of the first 
solid band or gioup of bands 
was 8 mm , the first definite 
gap 2.5 mm . the second band 
2 5 mm , the next gap 7 6 
mm , the next band 2 nun , 
the next gap 15 mm and the 
next band 7 mm In general, 
the best lo&ults were obtained 
liy using 0 5 N coppei sulfate 
and 0 1 N potassium chro- 
mate With a saturated solu- 
tion of copper sulfate there 
was no banding, merely a 
vague precipitation zone of 
applied only to the oidmaiy test tube used In a very long 
column of gel coveied with a iclativoly small amount of .saturated 
copper sulfate solution, the copper salt solution must become 
more dilute, as it diffuses to gi’eatcr depths and finally reaches a 
suitable concentration for sharp banding. 

Making the gels by substituting 0 5 N hydiochloiic or 
sulfuric 01 nitnc acid for the 0 5 N acetic acid dcsciibcd above 
produced a striking change m the banding The gaps weie moie 
nearly equal and none of greater depth than 3 mm With bands, 
many of which were 4 or 5 mm m thickness, an ordraaiy test tube 
contained as many as 28 m a distance of 8 cm The results with 
these 3 types of gels differed very little, except that the gaps in the 
sulfuric acid gel were not clear. 
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Working with acetic acid as in the first experiments discussed, 
the effect of increased alkalinity was studied In a gel made fiom 
equal mlumes of 1 09 density water glass (as compared with the 
usual 1 06 density) and 0 5 N acetic acid, the copper chromate 
bands were much closei together, greatly lesemblmg an agate 
Thiity in a distance of 3 cm weic obtained With a gel from 1 15 
density watoi glass and 0 5 N acetic acid the bands weie still more 
compact It is evident that anmcieasem the excess of sodium 
silicate, with its icsultmg alkahmty, bungs the bands of copper 
chromate closer together 

Addition of sugar to the usual gels made the bands thinner. 
Urea had +he opposite effect The influence of giavity was shown 
by coildng tubes and inverting The bands weie irregulai and 
made up of crescent-shaped fragments It is noteworthy that the 
final condition of many tubes showed the blue of the copper sulfate 
in all the clear gaps — even below the last band 

Exp. 161. Gold. — To 26 ce of a imxtuie of equal volumes of 1 18 density 
watoi glass and 3 N sulfuiie acid was added 1 cc of I per cent gold chloride. 
The solid gel formed m a day or two and was then coveicd with a saturated 
solution of oxalic acid (about 8 pei cent) As the oxahe acid diffused into the 
gel the gold ohloiide was reduced A wonderfully beautiful senes of coloied 
bands of colloidal gold developed, with sparkling golden crystals scatleied 
throughout the gel The uppei layer of the fiist bands was led, the next blue 
and the next green A coinpaialively clear gap below this senes was followed 
by another red-blue-gieen zone Usually after the first few lambows the 
red was omitted A dozen oi more such complex bands m an ordinary test 
tube were not uncommon, the upper bands measuring about 1 cm m depth 

These concentiations of the gold chloride and the oxalic acid 
wore vaned somewhat, with no improvement m results However, 
when the gel was made from 1 06 density water glass and 3 N 
sulfuric acid (setting in about one week) no bands of coloied 
colloidal gold appeared — or only traces of thorn — but great num- 
bers of gleaming yellow crystals of gold formed throughout the 
gel — stiikmgly beautiful m a beam of sunlight 

These bands have been obtained befoic, but the author found 
the use of sulfuric acid m makmg the gel a veiy groat impiove- 
ment. When hydiochloric acid was used the colored bands were 
quite inferior With acetic acid instead of sulfuric, no bands 
appeared, but the gel was colored uniformly with violet-blue 
colloidal gold. However, loadmg an acetic acid gel with consider- 
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able sodium sulfate developed a few shadowy bands Evidently 
the influence of sulfates was a factoi of importance 

Exp. 162. Basic Mercuric Chloride. — The author poured a basic gel, 
1 08 water-glass-0 5 N acetic into a test tube and, with no other added salt, 
covered the gel with saturated mercuric chloiide solution Shining red- 
brown leaves appealed Smce they could not be obtained in a gel of acid 
reaction nor with any salt othei than mercmic chloiide, they were evidently 
one of the basic mercuric chlondos A search of the htcratuie justified this 
theory. Different basic chloiides aie on lecoid, but the description of 
HgCb • 2HgO agrees peifectly with the ciystals obtamed above 

Gels of difleient basicity were covered with merouiic chloride solution 
and the oiystals compared With 1 06 water-glass-0 5 N acetic (very slightly 
basic) the crystals were more widely scatteied and, at a distance of a few 
centimeters fiom the surface of the gel, were excellent This patticulai gel 
caused the most rcmaikable banding of the basic chloride With a very 
basic gel the crystals wcie smallei and foimed in a rathei compact mass A 
few grams of glucose m 26 cc of a slightly basic gel changed the results decid- 
edly Instead of the bi own-red leaves, a giay mass of closely packed bands, 
sharply maiked, appeared In a distance of 8 cm ovei one bundled of these 
bands were counted, 


Theory 

The experimental evidence given above Justifies the advance- 
ment of a more detailed theoiy of rhythmic banding For the 
clearest illustration, consider the copper chiomate banding. 

The gel (a silicic acid gel of shghtly basic reaction) contains a 
dilute solution of a chiomate and, above it in the tube, a solution 
of a copper salt The coppei ions diffuse into the gel, meet the 
chiomate ions and form a layer of insoluble copper chromate at 
the surface of the gel. The chiomate ions immediately below 
this precipitation zone diffuse into this icgion, now depicted of 
chromate ions, and meet the advancing copper ions, thus thicken- 
ing the layer of copper chromate Accordmg to Fick's law of 
diffusion, the rate of diffusion is gieatest where the difference in con- 
centration of the chromate ions in two contiguous layers is greatest, 
that is, ]u&t below the fiont of this thickening band of copper 
chromate. As a result, the region near the band decreases in con- 
centration of the chromate ions faster than does the space below. 
Finally the copper ions have to advance some distance beyond the 
band to find such a concentration of chromate ions that the 
solubility product of copper chromate may be exceeded and a new 
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band formed. Tills repeats again and again Of course, if the 
copper ions were retarded sufficiently theie would be time for the 
concentration of the chromate ions again to become uniform 
throughout the remainmg clear gel, and no gap would occur. 
Hence, if the diffusion of the copper ions is letarded by any means, 
the clear gaps decrease in 
depth — the bands aie closer 
together If copper feiiocya- 
nide bands are formed in a 
similai manner they almost 
merge after the first layer 
reaches a thickness of a few 
centuneters Yet they are 
distmct and agate-like A 
piecipitate of copper ferrocya- 
mde gieatly retards the diffu- 
sion of the ions that form it, 
hence we have lieie the proper 
condition to i educe the clear 
gaps to a minimum depth 
The permeability of the 
gel, as influenced by the pres- 
ence of various salts, and 
Fig 30 -The influence of chlorides example, was found 

on the distnbution of mercuric , , . ± j. £ ± 

iodide The tube on the left con- ^e an important factor in 
tains sodium chloiide— the othei-s rhythmic banding With 
do not mercunc iodide in a silicic 

acid gel, the presence of suffi- 
cient sodium cliloride entirely prevented the arrangement of the 
crystals in bands. On the other hand, glucose in a similar gel 
greatly favored the banding of mercuric iodide In another 
expeiiment glucose produced a gieat increase in the number of 
bands of basic mercuric ehlonde. This marked influence of some 
salts gives importance to the selection of the acid used in making 
the gel Hydiochlonc acid is a poor choice when experimenting 
with mercunc iodide banding 



CHAPTER XIV 


EXPERIMENTS WITH THE ULTRAMICROSCOPE i 

These expeiiments arc adapted to the dark-field illuminators 
of Bausch and Lomb, Leitz and Zeiss The makers give full 
mstiuetions regarding centering, adjustment, illumination, otc. 
Knowledge of microscopic technique is assumed 

Exp. 163. Ordinary Brownian Motion vs. Zsigmondy-Brownian, or 
TJltramicroscopic, Motion — Fust obscive the ordinaiy Biownian motion 
(in. a dilute suspension of clay, kaolin, pollen dust, etc ) of particles at the 
limit of visibility in a compound microscope with a 1/12 oil immeision objec- 
tive This motion consists in an uneasy oscillation about a mean 'position. 

Then adjust the dark-held attachment, and obseive a slide made with a 
dilute solution of benzopurpurm (1 drop of a saturated solution to 50 co of 
distilled watei), or a dilute solution of milk (about 6 drops of fat-froe oi 
bottom milk to 60 oc of distilled watei) Be suie to focus on the layer of 
fluid helween the slide and the covei glass, for the glass sui faces themselves 
usually show motionless ultramicrons, illuminated soiatches, etc Dilute 
sufficiently to secure a field wherein individual ultramicions may bo dis- 
tinguished The ultramicroscopic particles show violent froe-path motion, 
and move all over the field, passing in and out of focus What wc really see 
are diffraction images, the particles themselves being smaller than a wave- 
length of light Large pai tides of incidental rmpiuities (like fat globules 
in milk) reflect so much light that they render most ultramicrona invisible, 
just as the full moon renders most stars mvisxble Note that the " Brownian ” 
movement of fat globules (especially small ones) seems to be due to the 
blows they leceive on all sides from colloidal particles, which in turn may 
owe their motion largely to the blows of the mvisible crystalloid pai tides, 

Exp. 164 Ciystalloidal vs Colloidal Solution — ^Prepare a slide with 
alcoholic solution of potassium oleate (tmetme of gieen soap) and obseive 
that, outside of casual impurities, it shows no wsiblB particles Then, watoh- 
mg all the while, allow a droplet of water to diffuse between the slide and the 
cover glass. The soap will practically explode into the colloidal state, and 
after the violent diffusion streams quiet down, the field will be full of ultra- 
microns in rapid motion 

Exp. 166. Precipitation and Protection — Allow a droplet of dilute acid 
(HCl or vinegar) to diffuse rmder the cover glass of a slide of dilute milk or 

1 Contributed by Jerome Alexander, of the Uniform Adhesive Co 
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benzopuipunn solution prepared as in Eiq) 1. After the diffusion currents 
cease, watch the gradual aggregation of ultianncrons At first they form 
groups of two or thiee As the gioups mcrease m size their motion dimmishes, 
until finally theie aie large motionless oi slowly floating giape-like clusters 
or masses By using veiy dilute solutions and weak acid, the time of coagu- 
lation may be extended to half an horn oi moio. 

Now add some warm gelatin oi gum aiabic solution to the dilute miUc or 
benzopurpunn, and observe that the coagulatmg action of the acid may be 
partially oi entnely pi evented, most or all of tlie ultramicrons maintaining 
thoir isolated active motion 

Note also by test-tube experiment that the addition of IICl to benzopur- 
purin solution produces a coloi change from led to blue, accompanied by 
precipitation (The dye is a “ soluble ” sodium salt, and the precipitate the 
‘‘insoluble” coloi base) If a protective colloid (gelatin or gum arable) be 
added to the benzopurpiuin solution prioi to the addition of the acid, the 
ooloi remains red oi leddish-broivn even though enough acid is added to 
piotluoc maiLod turbidity Compaie the macroscopic with the ultiamioro- 
soopio findmgs (Sec Joui Soo Chem Ind , 30, 517, 1911 ) 

Exp 166. Enzyme Action. — Obseii^e the action of diastase on starch, 
and of pepsm on partially coagulated dilute egg-albumen solution (See Jour 
Am Chem Soo , 32, 682, 1910 ) 

Exp 167 Mutual Coagulation — Obseive tho mutual coagulation of 
colloidal gold and colloidal AsjSj (Diphtheria toxin is ‘‘ precipitated " by 
diphtheria antitoxin, but not by tetanus antitoxin, which, however, coagulates 
tetanus toxin These reactions may be followed ultramiciosoopioally, but 
it should be lememberod that the toxins aie highly poisonous, tho smallest 
trace in a soiatch may produce seiious if not fatal consequences ) 

Exp. 168. Blood — Examine fresh blood, observing colloidal ‘‘blood 
dust ” and led blood corpuscles for compaiative motion Watch fibrin 
foimation or coagulation 

Note — Read Kmg’s shoit article on Ultiamicioscopy, pages 31-41 of 
tho ‘‘ Third Report on Colloid Chemistry,” published m 1920 by the British 
Association, also pages 122-127 in Bcohhold’s ‘‘Colloids m Biology and 
Medicine.” 



CHAPTER XV 


SOILS AND CLAYS 

The productivity of a soil is closely related to its colloid con- 
tent Weatheimg of feldspar yields much colloidal material in 
the form of alumina and silicic acid This, with colloidal hydrated 
oxides of iron and humus, gives sod the propci physical condition 

Peiineability, capdiarity, adsorption and moistuie content 
depend moie upon the physical state of a soil than upon its chem- 
ical condition J M van Beminelcn (Die Absorption, Dresden, 
1910) states that the abihty of sods to take up salts of alkaline 
earths and alkalies from solution is due to the content of basic 
silicates, soluble m hydrochloric acid, which act by an exchange of 
bases. 

Humus IS an indefinite mixture of organic substances, the 
debris of bactena, plants and animals. Manure, plowed-under 
crops and sods increase the humus content This humus acts 
as a protective colloid tending to keep much of the sod in the 
hydrosol state It is opposed by the coagulating tendency of 
an excess of salts, by heat with drying and evaporation, and by 
freezing 

Sods have been mned byaflood of sea water and by an overdose 
of fertilizing salts On the other hand, Cameron and his assistants 
found that a certain non-productive sod was improved by treat- 
ment with tannin This is a remindei of “ Egyptianized clay ” 
and of Acheson’s graphite in which tamim acted as a dispersing 
or peptizing agent 

The ceramic chemist calls a clay weak, lean or sandy and 
lacking in plasticity if it has too httle colloidal material If it 
has too much he calls it fat, strong and sticky A moderate 
plasticity IS desiiable for his purposes Higldy colloidal clays 
shrink too much on drying and firing 

It has been found that clays may be given the fluidity needed 
for proper pouring into molds by the peptizing action of hydroxyl 
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ions from a little sodivun carbonate Then, on drying, there is less 
water to evaporate and consequently less shrinkage 

Cushman (Jour. Am Chem Soc , 26, 451, 1903) shows that the 
cementing power of lock powders is due to the formation of 
gelatinous silica, feme oxide, etc 

Many soils adsorb the base from blue htmus more readily 
than the acid and give a false unpiession (due to the leddenmg of 
the blue paper m contact with soil) that a free acid was present 
in the soil Cameron showed that moist cotton in contact with 
blue litmus does the same thing 

Exp. 169 (1) Detenruning the Amount of Colloidal Matter in Clays, — 
Moore, Fry and Middleton (Jour Ind Eng Chem , 13, 627, 1021) separated 
the colloidal mateiial fiom clay by the use of a Sharpies centrifuge (17,500 
times the foice ot gravity) This “ultra clay ” consists mainly of hydrated 
aluminum silicate mixed with feme hydroxide, .silicie acid, oiganio matter 
and possibly aluminum hydroxide Suspended in water, it exhibits good 
Brownian movement As a binding material it is much strongei than Portland 
cement, when diy 

Tlieii method of determining the adsorptive power of ultra clay towards 
ammonia may well be applied to studies of other solid materials and other 
gases 

“ Ultra clay was dried m an oven at 110° C foi twenty-four hours It was 
immediately transferied, while still hot, to a Schwaitz U-tube, and weighed, 
and the tube was placed in a tram of drymg apparatus The Schwartz tube 
was then immersed m boilmg water and thoroughly evacuated with an oil 
pump The U-tube was next placed m an ice bath, and dry ammonia gas 
was passed over the ultra clay until it would adsorb no more under a pressure 
of one atmosphere The current of gas was then shut off and the apparatus 
allowed to stand for one hour to make sure that equilibrium had been reached 
as shown by a manometer attached to a U-tube The next step was to draw 
off the ammonia and collect it m a tram of absorption apparatus filled with a 
saturated boiic acid solution. When a good deal of ammonia had been 
diawn off, the U-tube was agam placed m boilmg watei and the residual 
ammonia displaced with a cuiient of air The ammonium borate solution 
was titrated with 0 1/N sulfuric acid, uamg methyl orange as indicator " 

The adsorptive power of soils towards gases is undoubtedly due largely 
to their colloid content (“ ultra clay ”) The autliors quoted above destroyed 
the colloidal condition of a certam clay by lieatmg to 1130° O and then meas- 
ured its gas-adsoiptive power A careful microscopic examination showed no 
evidence of fusion even on sharp edges 

1 cc ultra clay (heated to 110°) adsorbed 93 0 cc NHs 

1 cc clay soil (heated to 110°) adsorbed 27,7 cc. Nils 

1 cc clay soil (heated to 1130°) adsorbed 1,4 cc. NHj 
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“ Deductmg 1.4 cc ammonia adsorbed by material, presumably not 
colloidal, from 27 7 oe adsorbed by the unalteied soil leaves 26 3 cc adsoibed 
by the colloid of the soil Therefore, if the puie colloid adsorbs 93 0 cc 
ammonia and there is sufhcient colloid in the soil to adsorb 26 3 cc ammonia, 
the colloidal content of the soil must be 28 3 per cent ” 

The author’s improved method of determining the colloid 
content of soils by adsorption of a dye (malaclutc green) is woith 
using It IS given on page 529 of the leference cited. 

Exp 160 (2) The Effect of Sodium Hydroxide on Clays.’ — Wash a 
saggei clay oi ball clay fiee from soluble salts, completing the washing in a 
dialyzer It may bo well to use paichmcnt paper that has been soaked in 
distilled water to remove any soluble sulfates loft from the sulfuric acid 
treatment. 

Shako 60 g with enough water to give a depth of 16-20 cm in the ooin- 
paiison tubes Pi epare a series of suspensions of this clay m sodium hydroxide 
solutions of the following concentrations 0 001 N, 0 002 N, 0 004 N, 
0 008 N, 0 012 N, 0 020 N, 0 35 N, etc Prepare a similai series, using 
kaolin instead of this clay After ten or fifteen mmutes, marked diftercnoea 
in the depth of suspend solid are obseived At what concentration has 
sodium hydi oxide its maximum suspending power’ 

Exp. 161. — Measurement of Plasticity of Clay — ^Acooiding to Bleminger, 
“ Plasticity IS sometimes measuied by letting 1 g of clay stand hi a solution 
of normal sodium carbonate, then determining the amount adsorbed by the 
decrease in the strength of solution The amount of sodium carbonate 
adsorbed is supposed to be proportional to the colloids, which colloids aro 
supposed to bo the scat and source of plasticity " Of couise, the student 
will use any convenient amount of clay and calculate the adsorption per 
gram. The sodium carbonate probably precipitates those bases which arc 
combined with gels 

A. S. Watts finds that the most satisfactory indicator of actual 
plasticity 18 the amount of water required to render a given amount 
of clay sufficiently fluid so that it will not adhere as a globule 
to a 1 centimeter (inside diametei) niekcl-plated pobshed loop 
of No. 20 wire With this method it is easy to study the effect 
of alkali on clays E B Matthews states that plastic clays 
contain particles of different size in about the proportions to give 
maximum density 

Exp. 162 Adsorption of Water Vapor by Sods.’ — Place a wet sponge in 
the bottom of a desiccator to saturate the atmosphere with moisture Dry a 

’Adapted from Ashley, Techmcol Contiol of the Colloidal Matter of 
Clays, Bureau of Standards Bulletin No 23 

’ Adapted from Patten and Gallagher, Absorption of Vapors and Gases 
by Soils, Bureau of Soils Bulletin 5 
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number of soils in the air and a paiallcl senes at 100° Use such soils as 
quartz sand, clay soil, loam, very heavy clay and humus. Weigh out a 
convenient sample (100 g to 200 g ) of each soil on a shallow dish and place 
m the moist atmosphere of the desieeators foi twenty-four horns Weigh 
again and compaic the speed with which each soil takes up moisture Since 
this IS the reverse of diymg out, it is a measme of the strength with which 
water is held by each soU 

From these results it may be concluded that the adsorptive 
capacity of sod for water vapor is generally higher the finer the 
tcxtuie of the sod and the gieatei its content of humus. It ap- 
peals, too, that productive soils have a vciy considerable capacity 
foi water vapoi 'while the poor soils range much lower 

Exp. 163 The Effect of Variations m. Humidity upon Soils.‘ — The effect 
of atmospheric humidity changes upon soils may be experimentally leproducod 
by placing several equal poitions of a soil of known moistuie content in 
desiccators whose individual atmospheric humidity is maintained practically 
constant by sulfuric acid, differing in strength foi each desiccator and thus 
giving a range of humidity from the vciy low partial 2iie&suie of concentrated 
acid to the vapor pressiue of watei at the tempeiatuic chosen for the 
('\peiiments 

Heat changes may be studied by lunnmg equilibrium experiments similai 
to those just descubod, but at different temperatures, and comparing the 
quantities of moistuie m soil and m vapor above it at each tempeialure 

One of Patten and Gallaghei’s oxpeiiments is graphically piescnted heic 

Exp. 164 — ^Test Pickcndoy’s statement that moie alkali is required to 
precipitate (flocculate) natuial clay than Icaolm on account of the protective 
action of humus 

Poi other soil experiments sec the cliapter on adsorption from solution. 
Experiments 120, 121, 122 


ADDITIONAL REFERENCES 

Russel, Second Report on Colloid Chemistry by the British Association, 
pages 70-81 

Patten and Waggaman, Bulletin 52, U S Buieau of Soils 
Cushman, Joui Am Chom Soc , 30, 779 (1908) 

Cushman, Bulletin 104, U S Bureau ot Soils 

1 Adapted from Patten and Gallagher, Bureau of Soils Bulletin No 31 
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SPECIAL TOPICS 

EXPERIMENTS ON DYEING i 

Exp 166, Dyeing with a Direct or Substantive Dye. — After thoroughly 
shakmg the standard direct dye solution found on the reagent shelf, transfer 
foul 40 CO portions to beakers or flasks Add 10 cc of water to thiee of 
the solutions To the fouith add 10 cc of a saturated solution of sodium 
chloride To the second and third dye baths add 0 2 cc and 1 0 cc. of the 
saturated NaCl, lespeotively Label the solutions so that you will know the 
amount of salt m each, and then heat them to boilmg Place a piece of 
cotton or woolen cloth, 1 inch sqiiaie, in each bath and allow the solutions 
to simmer for twenty minutes Remove the cloth, rinse once in cold water 
and diy Compaie the different pieces How does the intensity of the 
color vary with the amount of NaCl present ui the bath? The direct dyes 
aie in colloidal solution Can you explain your results m terms of colloid 
ehemistiy? 

Reference Pelet-Jolivet, Zeitschi Chom Ind Kolloicl , 6, 235 (1909); 
Chemical Abstracts, 4, 829 (1010) 

The dye taken up will pass thiough a maximum as the amount of NaCl 
or other salt added is inci eased The reason seems to bo that the dye is 
destabilized by the added salt befoie coagulation takes place Decreasing 
the peptizing or stiippmg action of the solvent means mcreased adsoiption 

Exp. 166 Dyeing with an Acid Dye and the Effect of Glauber’s Salt ® — 
Into each of foui 250 cc beakers or flasks measure 25 co of the standard 
acid-dye solution ^ found on the reagent shelf Then add exactly 5 0 co 
of 0 1 N hydrochloric acid ‘ to two of the solutions and exactly 0,6 co. of 

* Contributed by Professor W. D Bancroft, Cornell University 

^ The direct dye standaid solution should be a 0.1 per cent solution or 
suspension of any of the usual direct dyes Erie Red 4B Cone., Buffalo Direct 
Blue G Cone and Erie Direct Giecn are typical examples 

* Contributed by Piofcssoi W D Bancroft, Cornell Umversity 

'> The standaid dye solution may be made up from any acid dye which is 
present in true solution Orange II, Lake Scailet, Croceine Orange, Acid 
Green or Crystal Ponceau are typical examples The standard should 
contain 1 6 grams of dye per htei 

^ It will be best to supply the laboiatory with a bottle of this acid con- 
nected with a burette, so that amounts can bo measured accurately The 
acid need only be approximately 0 1 N, 

107 



108 


COLLOID LABORATORY MANUAL 


0 1 N hydrochloric acid to each of the othei two Twenty-five cc, of 0 1 N 
sodium sulfate are then added to one of the solutions eontainme the 0 5 cc of 
acid and to one of the solutions containing 5 0 cc of the acid Add watei to all 
four dye baths until the total volume in each case is 125 cc Heat the foui 
solutions to boiling and then add a hall gram of wool yam to each bath, 
making sure that the wool is thoioughly wetted by the solutions ‘ Cover the 
dishes with watch glasses to prevent excessive ovapoiation and mamlam 
at a slow boil for thiity minutes Remove the wool samples bofoie the bath 
cools and rinse them once quickly in cold water Dry and compare the 
resulting shades and also compare the intensity of the paitially exhausted dye 
baths. Explain your lesults. 

References, Baneioft, Apphed Colloid Chomistiy, 115 (1921), Joui 
Rhys Chem , 18, 10 (1914) Davison, Jour Phys Chem , 17, 787 (1913), 


Rubber latex is a colloidal suspension or emulsion of caoutchouc 
in a watoiy liquid with protoui as the emulsifying agent. Coagu- 
lation is pioduced by eyaporation, by smoking, or by adding certain 
reagents which change the physical condition of the piotein films 
Vulcanization by heating with sulfm is piobably a colloidal process, 
although some chemists dispute this 

Rubbei exhibits the oidmaiy propoitics of gels, often to an 
extraoidmaiy degree. 

Note — ^A short disscitation on rubbei will bo found on pages 251-262 
of " The Chemistry of Colloids,” by Zsigmondy and Speai (John Wiley & 
Sons). Simmon’s book on “ Rubber Manufacture ” (D Van Nostrand Co ), is 
also useful 

Exp. 167. “Tackiness,” Plasticity — ^Plaee a strip of raw lubbor about 
1 mch wide upon a wooden block and pound the rubbei severely with a ham- 
mer. Note the rise of temperature Touch two poitions of the pounded 
surface together. It has become sticky, or “ tacky,” and more plastic. In 
this state it eon be easily molded by pleasure This properly is made use of 
m the production of most rubber goods 

We are not sure of the leasons for this oxtiaordmary change of piopeities 
brought about by mechanical mampulation It is ascribed to a depolymonza- 
tion of the rubber, but whether this is due to a mechanical subdivision of the 
particles, or to a readjustment within the molecule is not known 

Exp. 168. Elongation of Rubber Which Has Been “ Cured ” (vulcanized 

' Instead of being weighed out, the wool can be measured by length if m 
the form of yarn A heavy kmttmg worsted will require about 60 inches for 
a half gram. 

® Contributed by Ellwood B, Spear, Goodyeai Rubber Co 
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to a desirable degree). — Fasten a clamp of luiown weight to each end of a 
shoe-stimg strip of well-cuied nibbei An elastic band will seive the piu’- 
pose Put two maiks, 1 inch apart, neai the centei Attach one end to a 
stand or beam and let the other end hang down Attach a light soalc-pan 
of known weight to the lower olamp. Add weight to the soalc-pan so that 
the rubbei will be stretched 100, 200, 300 pei cent , etc , until the strip breaks 
A good piece of lubbei will stretch 600 to 1000 pei cent Plot the per cent 
stietoh as oidmates and the coriespondmg weights as absoisssc The line 
connecting the points is called the sliesfi-strain curve These curves are 
characteristic of the state of the gel Many factois enter into these coii&idera- 
tioiw, foi instance, the amount of combined sulfur, the kind of raw rubber 
used, the amount and kmd of compoundmg materials piesent and the soit of 
aooeleiator employed 

Exp. 169. Swelhng, Solvation. — ^Raw rubber will swell in a few houis if 
covered with turpentine, benzene, gasoline, carbon disulfide, caibon tetra- 
chloride or any one of several othei solvents It will not swell in watei, amyl 
alcohol or acetone Tiy it Well-ciued lubber, on the othei hand, swells 
only model ately m benzene or gasoline Try it 

Exp 170. Rubber Sols — Cut raw rubber, recently milled rubber (well- 
pounded rubber will do) and well-cured rubber into small pieces Add just 
enough benzene to each lot in separate vessels to cover the solid, and allow to 
stand for seveial hours, preferably overnight vStir by means of a meohamoal 
device and add benzene m small portions until the solution is 5 to 10 per cent 
lubbei The raw and milled lubbci will form colloidal solutions, while the 
cured lubber will be practically unaffected 

Exp 171 — ^Make viscosity deteimmations on the sols immediately after 
the solutions are prepared and again after several days The viscosity of 
millpd-rubber solutions mcreascs on standing 

Exp 172. Precipitation of Rubber Reversibihty of Colloid. — ^Add 
alcohol or acetone to the benzene or gasoline rubber sol m small portions 
Shake well between each addition The rubber will be piecipitated as a 
sticky, sometimes stringy, curd The curd may be redissolved m benzene 
or gasoline 

Experiments on gelation, syneiesis or drying may be performed with rubber 
sols in a manner similai to that employed m the cose of gelatin Rubber sols 
gradually merge into doughs as the concentiation of rubber is increased 
Exp 173 Rubber as a Solvent. — ^Azo-benzene may be milled into lubber 
(50-50 mixture by weight) so that the former dissolves above 60°. When it 
cools distinct oiystals appeal and may bo seen with the oidmary microscope 
Azo-benzene placed on the surface of dry, pale crepe rubber diffuses per- 
ceptibly in twenty-four hours 

To a benzene solution of azo-benzene add strips of pale crepe rubbei The 
rubber swells to a beautiful clear gel, colored thioughout Or make a rubber- 
benzene gel and drop crystals of azo-benzene on top In half an hour it will 
have uniformly diffused thioughout the gel. 

If such a gel, containing equal weights of azo-benzene and rubber, is allowed 
to stand in an open vessel, the benzol evaporates and, after some hours, 
crystals of azo-benzene appear on the surface 
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Exp. 174 —Rubber as an Emulsifying Agent — Shako vaiious liquids with 
any convenient rubbei solution (such as 2 per cent lubboi m benzene) If 
emulsions are formed let them stand, and note tune oi cieaming and time of 
breakmg Is the benzene the contmuous oi the dispeised phase? Why? 


“ HOPCALITE ” 

CATALYSIS OF THE REACTION BETWEEN CARBON MONOXIDE AND 
OXYGEN 

Exp 176 — “ Hopcalite,” as developed dmmg the Great War by J C W 
Frazer, A B Lamb and W C Bray, for gas masks, was a mixture of MnOi, 
60 per cent, CuO, 30 pel cent, C02O3, 15 per cent, and AgjO, 5 per cent 
The process of manufacture involved the separate precipitation and washing 
of the manganese dioxide, coppei oxide and cobaltio oxide and the subsequent 
precipitation of the silver oxide in the mixed sludge Aftci furthei washing, 
the sludge was faltered, kneaded, diied and ground to such sizes that 62 per 
cent passed thiough an 8-12 mesh scieen, although not more than 6 pei cent 
passed a H-16 mesh soieen 

The catalytic activity of the mixtuie depends m large measure on the 
molliod of preparation of the manganese dioxide The first leally active 
manganese dioxide was made by reducing a cold solution of ammonium 
permanganate with methyl alcohol A large-scale process used depended on 
the reaction between potassium permanganate and anhydrous manganese 
sulfate in the presence of fairly concentrated sulfuiic acid When prepared 
by oxidation of a manganous salt m neutial or alkaline solution, the man- 
ganese dioxide was not catalytic (or, lathei, Hopcalite containing it was not) 

Fremy’s method (Compt rend , 82, 1231, 1876) furnished the best man- 
ganese dioxide To 150 g of potassium permanganate was added a cooled 
mixtuie of 600 g of concentrated sulfuric acid with 160 g of water, and the 
mixture was allowed to stand several days, during which tune the permanganic 
acid was slowly decomposed with evolution of oxygen The mixture was 
then poured into a largo volume of water and the resulting finely divided 
manganese dioxide washed, hist by decantation and then on a filter, until the 
filtrate showed no test for sulfate The pieoipitatod oxides of manganese, 
coppei and cobalt, were suspended uniformly m watei and added, with storing, 
to a silver nitiate solution contaming sufficient silver nitrate to give the 
desired amount of silvei oxide Sodium hydioxide solution was then added, 
with vigorous stirrmg, until a distmct alkalme reaction was obseived Aftei 
thorough washing the mixture may be collected as a filter cake on a Buchner 
funnel The material was dried on a water bath, broken up, then slowdy 
heated to 120°-130°, meshed, and finally dried foi a short time at 200°. 

Prolonged heat treatment at a high temperature spoils these catalysts, 
presumably on account of the destruction of the porous natuie of the granules 

Water vapor poisons this catalyst; theiefore the mixture must be heated 
a few houis to about 150° befoie use, to activate it In the gas masks, the 
air was dried by granular calcium chloride before coming m contact with the 
Hopcalite 
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Exp. 176 — Pass a stream of au, dried over anhydious calcium chloride, 
through a pyi ex tube (1 cm diametei) containmg a 2-3 cm layer of Hop calite 
The catalyst may be held m place by means of coppei gauze plugs Water 
gas (because of its carbon monoxide content), or even prepared carbon monox- 
ide, may be introduced into the an stream, and as the concentration of the 
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carbon monoxide is mcreased the contact layei becomes warm If the con- 
centration IS sufficiently high the contact mateiial will reach a red heat 
Test the issuing gas for oaibon dioxide 

The authoi is indebted to A. T. Laison, of the Fixed Nitrogen 
Reseaich Laboratoiy, for suggestions on this experiment Much 
material was taken diiectly from the paper by Lamb, Bray and 
Frazer m Joui. Chem Ind Eng , 12, 213, 1920 

CATALYTIC REDUCTION 

We quote from page 192 of “ Catalysis m Theory and Practice,” 
by Rideal and Tayloi, The Macmillan Co 

“ The theoretical mvestigations of Paal and his co-workers, 
of Willstattei and othcis have demonstrated conclusively that 
numeious hychogenations can be effected m presence of finely 
divided platinum or of colloidal palladium as catalyst In 
geneial, it was found necessary to stabilize the colloidal metal, 
and vaiious piotective colloids were employed to effect this 
Skita, who m his book “ tJber Katalytische Reduktionen 
Organischer Verbmdungen ” (F Enke, Stuttgait, 1912) has de- 
tailed m a comprehensive manner the htcrature of the subject, 
employed an acid — stable protective coUoid such as gum arable 
in place of the agents used by Paal Solutions of platinum oi 
palladium chloiide m presonce of such piotcctivo agents aie 
reduced to stable colloidal solutions of the metal by means of 
hydrogen in the cold The protective coUoid also has the power 
of preventing the piecipitation of the hydroxide of the metal 
when sodium carbonate is added to the solutions, the metal 
remaining in colloidal suspension. Such colloidal suspensions 
have pi oved to be excellent hydi-ogen carriers for hydrogenation 
of both aiomatic and aliphatic unsatm-ated compounds.” 
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Lochle, Bailey and W A Noyes, Joui’ Am. Chem. Soc. (43, 
2597, 1921) used colloidal platimun m leduction 

“ The Skita apparatus (Ber 46, 3578 and 3589, 1912) is used, 
the container for the reduction mixture being a 1 ter flask This 
bottle is chaiged with 25 g of hydrazine hydiate in 100 cc of 
water. To this is added a mixture of 0 5 g of gum ai abic dissolved 
in 50 cc of water and 10 cc of chloioplatimc acid The ' seed- 
ing ’ colloid IS next piepared by mixing 10 cc of water, a few drops 
of gum arable solution, 5 cc of chloioplatimc acid, 0 5 cc of 
30 per cent sodium hydroxide, and a few ciystals of the hydro- 
chloride of symmetrical di-isopiopyl-hydiazino, oi some equally 
good reduemg agent On heatmg this mixtm'e i eduction of the 
platinum begins at once Tho hot mixture is rapidly added to 
the solution in the flask, to which are then added, undoi thoi ough 
shaking of the flask, 100 cc of 18 5 per cent hydiochloiic acid 
and finally 100 cc of acetone The flask is then connected to 
the apparatus, the system evacuated and filled with hydrogen 
from a cyhndci, until the apparatus is under a total piessure of 
two atmospheies The hydiogen cylinder should be supplied 
with a reducing valve to prevent accidents and damage to the 
apparatus m filling the reseivou- and flask 

“ The loom temperature, hydrogen pressure, atmospheric 
pressure and gage readings aie now recorded and the shaker 
staited, Durmg the few minutes requued for the reduction of 
the chloroplatmie acid the absorption is relatively slow, but as 
reduction of the platinum proceeds the late of absoiption increases 
until the gas is used up at tho rate of 8 to 12 liters an hoiu. As 
1 eduction proceeds the absorption of hydrogen gradually slows 
down and comes to a complete stop at the end of 3 to 4 houis, 
when the theoretical amount of hydrogen has been absorbed 
In case of poisoning of catalyst or other causes of slow i educ- 
tion an additional 5 cc of cliloroplatmic acid is sometimes lequired 
to complete the reduction.” 

In the above experiment the purpose was to reduce hydrozme 
hydrate to symmetrical di-isopiopyl-hydrazine. 

T B. Jolmson and E B Brown wiU soon publish a description 
of then practical appaiatus foi reduction of large quantities of 
reagents on a quantitative basis. They do not use any promoter 
other than hydrogen to prepare their colloidal platinum. 
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LUBRICATION 

J . E Southcombe examined the causes of the supeiior lubricat- 
ing eflieiency of fatty oils ovei mineral oils Using a Donnan 
pipette, he compaied the drop nmnbci-s of various oils in watei 
as a measuie of surface tension of oil agamst water 

The number of drops foi a given volume of oil was 101 for 
a pure mineral oil, 148 for a cocoanut oil containmg 4 per cent 
free fatty acid, 130 for a inmeral oil containing 3 per cent fatty 
acid, and 108 for rape oil with 0 15 per cent acids This shows the 
lower surface tension of fatty ods as well as the marked lowering 
of surface tension caused by dissolved fatty acids 

Repeat Southcombe’s expenment See if there is any dif- 
ference between saturated and imsaturafcd fatty acids (stearic 
and oleic) or between the acids of low and those of high molecular 
weight 

The “ germ theory ” of lubiication is based upon such experi- 
ments Usually about 2 per cent of fiee fatty acids, made from 
rape oil, is added to a mineral lubricating oil with good results. 

Exp. 177. Mechanism of Lubrication — The effect of adsorbing the film 
of oil on a surface may be shown by placing a highly polished block of metal 
which has been oiled, on the wooden sutfaco ol an inclined plane, giadiially 
raising the inclmed plane by moans of a vertical sciew aiiangement, until 
the metal just staits to slip, noting height of plane and obtaining coefficient 
of friction Repeat above cxpeiiments, using some oils to which unsatiiiated 
compounds, such as oleic acid, have been added 

A method for compaimg the oilmess of lubricants was invented 
by Deeley (Proc. Phys Soc, London, 32, Pt II, 1-11, 1920). 
He used a machine having three pegs rcstmg on a flat disk of metal 
which could be slowly rotated The pegs were attached to an 
upper dish which, in tm-n, was attached to a spiial spring and 
index finger 

W B Hardy and H K Hardy are well quoted in Chemical 
Abstracts, 13, 2806 (1919) on theories of lubrication Try their 
experiments with the slipping watch glass W. B. Hardy in Jour. 
Soc Chem. Ind , 38, 7t (1919) assures us that we may look with 
confidence to colloid chemistry to aid us in finding the lubricants 
of the future 

It is stated by Stanton, Archbutt and Southcombe (Eng., 
108, 758, 1919) that when the pressure is raised to about 900 
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atmospheies the viscosity of vegetable and animal oils increases 
fourfold while that of mmeral oils increases sixteenfold Hence, 
viscosity is not the most important factor m difficult lubrication 
“ Oiliness ” is attiibuted to adhesion or chemical affinity between 
the metal and the lubricant The addition of 1 per cent free fatty 
acids of rape oil to a certain mineral oil loweied the friction coeffi- 
cient from 0 0047 to 0 0033, equal to the benefit fiom the addition 
of 60 per cent neutral rape od 

An excellent abstract of a “ Discussion on Lubrication held at 
the Imperial College of Science and Teelmology ” was written by 
Bingham for Chemical Abstiacts, 14, 1475 (1920). 

FLOTATION 

Read .Tour Ind Eng Chem., May (1917), Jour. Phya Cliem , 19, 27S 
(1915), any volume of Trans Am Inst M E , “ Flotation,” by Rickard and 
Ralston, “ Flotation,” by McGraw, “ Flotation,” by Taggart 

Exp. 178. — Clean a needle in soda solution (handling with pmoers) 
Dry on a clean cloth Lay on a floating tissue paper Depress the paper 
gently with a stick The paper sinks and the needle floats on the “ surface 
skin ” of the W'atci If greased, a laigei needle can be floated A glass rod 
of the same diameter, but lighter, sinks because it is easily " wetted ” by watei 
while the steel needle is not Giea&e the glass lod and it floats Glass and 
steel typify the gangue and sulfide of flotation oies 

Exp 179. — By addition of enough oil, suiface tension is lowered 'fiom 
73 to 14 dynes per linear centimetei Lay a match on the surface of watei, 
then a drop of olive oil near the match The match draws away because the 
oil has reduced the tension of part of the watei suiface, and therefore the purer 
water on the other side pulls away. 

Exp. 180. — ^Drop oil on wet galena Oil displaces the water Drop oil 
on wet quartz. Thei e is no displacement 

Drop watei on oiled quaitz Watei displaces the oil Which liquid 
“ wets ” qimitz? Which wets galena? 

Exp. 181. — Grind quartz and a sulfide oie (CuS or ZnS) to pass a 48-mesli 
sieve Flotation ores are usually ground wet m practice Poui into a 
separatoiy funnel, add more water and shake There is no froth Now add 
a drop or so of cieosote oil Violent shaking should pioduoe a good fioth, 
carrying the sulfide Run out the liqmd and sludge, put the froth on a hot 
plate to dry, and examme with the microscope or analytically to see if the 
“ floated ” mateiial is iicher than the ore 

A simple laboiatory expeiimenfc with hand shakmg of flasks is described 
by W. H. Coghill m Chem Met Eng 20, 637, 1919 

It may be seen from the above expeiimcnts that sulfides (and 
other minerals of metallic luster) may be separated cheaply from 
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the waste lock (gaiigue) in which they occui . Preferential wetting 
of the sulfide by the oily fioth balloons the heavy sulfide particles 
to the floating fioth wliile pieferential wetting of the ganguc liy 
watei canios gangue particles lo the botlom The fioth is then 
skimmocl off and biokcn An is beaten into the wet pulp of 
giound 010 and water to ivhich a veiy little pine oil or other oil has 
been added to secuio a fioth Over 60,000,000 tons of oie aio 
“ floated ” in this way eveiy ycai and the recoveiy is niiich highci 
than by oldci methods 

Exp 182 “ Colloidal Garden ” — Dilute ordinaiy commercial watci-glass 
sjuip vith a iiciulyctiual volume of water and put into a tall, wide-mouthed 
bottle Diop m solid fragments (about half the sue of a pea) of foiiic chloudo 
and cobalt chloride (be siiiu to use these two), as well as salts of mckol, coppei 
and manganese As the solids dissolve, the solution icacts ivith sodium silicate 
to foim gelatinous membianes of toppci silicate, etc The little sack is, of 
comse, filled with a very concenlialod solution of coppei salt of highei osmotic 
pressuiG than the solution outside Naturally, natci enteis the sack faster 
than it loaves, and bursts the sack (upwaids because thcie is less hydiostatio 
picssuro at greatei heights) New membiane forms, and the final growth is 
tiee-like m appeaianoe Feiric chloiide tiees giow rapidly, a matter of inches 
m a few minutes, and cobalt thlondo trees make noticeable giowth The 
otheis aie much slowei 

Exp 183. Carrymg of Mercury on Iron Gauze (No 40 of Bancroft’s 
Colloid Problems) — Loid Rayleigh (Scientific Papeis, 4, 430, 1003) pressed 
a piece of iron gauze down on tho Hat bottom of a glass vessel holding a shallow 
layei of mercury, and found that the gauze icmamcd on tho bottom of the 
vessel and did not use thiough the moiouiy The loason foi this is that tho 
meioury does not wet the non A coiollaiy fiom this, which has not been 
tested experimentally, is that one should be able to cairy mercury m an iron 
sieve lUst as one can cany watci m an oiled sieve (Chwolson, Traitc de Phy- 
sique, 1, III, 013, 1907) Since sodium amalgam nets iron, a dilute sodium 
amalgam should run thiough an non sieve which would stop pUie mercury 
Also, Rayleigh’s expeiirnont would not succeed if a sodium amalgam were 
substituted for the mercury 


ULTRAFILTRATION 

Eead Bcchhold, 95-102; Zsigmondy, 38-39; Alexander, 26-28; 
Hatschek’s Laboratory Manual, 69-76, Schoep, KoUoid-Zeit- 
schiift, 8, 80 (1911) Schoep used collodion to which castor oil 
and glycerin had been added. Paper thimbles were soaked in 
this They became more permeable as the content of glyceim 
and oil increased. No extra piessures weie needed 
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Exp. 184 —A simple ultrafilter may be prepared by pourmg a 4 per cent 
collodion solution on a wet filtei paper, folded m the funnel Tilt to secure 
aunifoim coatmg, pour out the excess, add a 
trcsh solution, and repeat A film of cellulose 
mtiate is precipitated m such form that it serves 
foi some colloid separations Schoep’s device of 
tying a collodion sack to the flanged end of a 
funnel, so that it hangs inside a filter flask, is 
useful This mtroduccs some pressure. 

IMBIBITION OF GELATIN i 

Exp 186. — Cut thin sheets of the purest 
commeicial gelatin (such as Coignet’s) into 
pieces about 1 mch squaie Determine the 
moisture and ash contents of the gelatm and 
assume the lest to be diy gelatm Weigh exactly 
the equivalent of 1 g diy gelatin into each of 
12 wide-mouthed 6-oz. bottles and add 100 oo of 
IICl, using a diffoient stiength foi each, use the 
following normalities 0 005, 0 010, 0 015, 0 020, 
0 030, 0 050, 0 075, 0 10, 0 15, 0 20, 0 25 and 
0 30 Let stand foi foity-eight hours and keep at a tempeiatuie not 
exceeding 18°, preferably at constant temperature Then carefully remove 
the gelatin plates from the solutions, by means of a wide spatula, blot off adher- 
ing moisture with filtei papei, pile on to a watch glass, and weigh Then 
put the gelatin plates, as quickly as possible, into clean, diy bottles, add more 
dry NaCl than wdl dissolve, and let stand for another foity-eight hours 

In the meantime, calculate, from the increase in weight of the gelatm 
plates, V, the number of cc of acid solution which the gelatin has absorbed 
Titrate aliquots of the remaining acid solutions to obtain x, the eoiieentiation 
of HCl in the external solution Plot V against x and note the peculiar 
nature of the curve Why is this preferable to plotting V against the initial 
concentration of acid, as is sometimes done? 

Fiom (100 — F)a, the milligiam-equivolents of acid not absorbed, and the 
quantity of acid used initially, calculate a, the quantity absorbed Plot a 
against the initial concentration of acid and compare with any so-called 
adsorption ouives 

At the end of the second forty-eight-hom' period, remove the gelatin plates 
from the saturated salt solutions, and weigh Calculate the volume of salt 
solution in the gelatm Titrate the salt solutions in the bottles, using methyl 
orange as indicator, and record as b the quantity of acid removed from the 
gelatin by salt Assume (not sti icily true) that the salt solution remaining 
in the gelatm has the same concentration of acid as that titrated, and calculate 
c, the quantity of free acid still left m the gelatin If the quantity (5-1-c) 
represents the free acid m the absorbed solution before adding salt, its con- 
centration was (6-|-c)/F, or y What relation does y bear to xl Subtract 

‘ Contributed by John Arthur Wilson, of Gallun & Co , Milwaukee 



Fig 32 — Schoep’s 
ultrafiltei 
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(6+c) from a to got d, the quantity of acid removed from solution, Plot d 
against x and compaie with the cui vc for o Does it suggest anything regal d- 
ing the nature of the removal of aeid by gelatin'i’ Does it enable you to 
calculate the combining weight of gelatin‘s 

If time permits, repeat the expeirment, using sulfuric acid and sodnuii 
sulfate, Get swcllmg curves also foi acetic acid, lactic acid, and boric acid. 

Note — It will bo noted that Dr Wilson’s views on swelling and adsorption 
are not exactly the same as those expressed by some other writers quoted in 
this manual, 

Aftei performing those oxpomnents, study. 

1 The Action of Dilute Acids and Salt Solutions on Gelatin, 
by H R, Procter, Koll -Chem Beihefte, p 243, 1911, or Jour. Am 
Leather Chem Assn , p 270, 1911 

2 Colloidal Phenomena and the Adsoiption Formula, by J A 
and W H Wilson, Jour. Am. Chem Soc , p 886, 1918 

3 Imbibition of Gels, by J A Wilson, Third Report on Colloid 
Chemistry, 1920 (British Assn, for the Advancement of Science). 


CHROME TANNING 1 

Exp. 186. — Pass sulfur dioxide gas thiough a stiong .solution of sodium 
dichromate until all dichromale has been reduced This is now a eommoroial 
“ chrome liquor ” Fiom this stock hquoi make up 10 solutions of 200 co 
each, of diffeient concentrations Use the followmg strengths given m temis 
of giams CraOa per liter 0 2, 0 4, 1 0, 5 0, 10 0, 15.0, 20 0, 50 0, 100 0 and 
200 0 Into each bottle pul 5 g of Siandaid hide powder (SLindaid Mfg 
Co , Ridgway, Pa ) Shake at intervals foi forty-eightliours and then filter 
Analyze each filtrate for chromic oxide. Assume that the docrea.so in con- 
centration of the olmome liquor is a measure of the amount of chromic oxide 
adsorbed by hide substance, and plot the calculated amount adsoibed against 
the mitial concentration of the liquor How can you explain the negative 
values foi the higher conccntiations? What false assumption was involved 
in the calculation? Now wash the tanned powdeis fieo from soluble matter, 
diy them and analyze for chromic oxide and hide substance (nitiogen X5 62) 
Plot the value for giams chromic oxide fixed by 1 g hide subslanpo against the 
concentration of the liquoi aftei tanning Does chrome tanning follow the 
so-called adsorption formula^ 

Read “ The Effect of Concentiation of Chrome Liquor upon the Adsorp- 
tion of its Constituents by Hide Substance," by A W Thomas and M, W 
Kelly, Jour, Iiid Eng. Chem., 13, 65, 1921. 

' Contributed by John Arthui Wilson, of Gallun & Co , Milwaukee. 
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Osmotic Pressure of Colloids. — ^For a veiy complete discussion 
of osmotic pressure of coUoids, icad Ostwald’s “ Handbook of 
Colloid Chemistry,” 231-262, also Zsigmondy’s “ Chemistiy of 
Colloids,” 38. 

Glues. — The Technical Notes of the Forest Products Labora 
toiy at Madison, Wis , give a vast amount of valuable information 
on glues and glue testing 

A useful paper on glues by R H Bogue is found in Chemical 
Age, 30, 103, 1922 

Pure Fibrin. — ^For the preparation of pure fibrin, read a paper 
by A W. Bosworth (Join Biol Chcm 20, 91, 1915) 

Pure Casein. — Van Slyke and Bakei, Jour Biol Chorn , 35, 
L27 (1918), give an excellent method for the preparation of pure 
casein 

Photometric Methods. — Sheppard and EUiott, Jour Am. 
Chem Soc , 43, 531 (1921), outline some useful photometric 
methods and apparatus for the study of colloids 

In Chem Met Eng , 23, 1005 (1920) Alsberg presents some 
suggestive colloid problems. 
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1 Jerome Alexander “ Colloid Cliermstiy ” 90 pp D Van Nostiand 
Co., New York City, 1919. Deals largely with the piactical application, s of 
the seience 

2 Plimmer “ Piactical Organic and Bio-Chemistry,” Longmans, Gioen 
& Co , New York, 1918 In jiages 374-391 is given a oleaily-wuttoii intio- 
duotioii to colloid chemisitiy 

3 Emil I-Iatsoliek “ An Introduction to the Physics and Chemistry ol 
Colloids ” 172 pp P Blakiston’s Son & Co., Philadelphu, 1922 Based 
on a course of ten lectures A useful intioduction to colloids Tlurd edition. 

4 Wolfgang Oistwald “ Theoietieal and Applied Colloid Chemistry” 
Translated by Martin Pischei 232 pp John Wiley & Sons, Inc , New York 
City, 1917 Revision of a couise of five lectures given in the United States 
a few years ago A very stimulating book Second edition in press 

6 Zsigmondy “The Chcmistiy of Colloids” Translated by Spear 
288 pp John Wiley & Sous, Inc , New Yoik City, 1917 One of the most 
useful books of its size on the subject yet published Contains 33 pp on the 
industrial applications ot colloids 

6 W D Bancioft “ Applied Colloid Chemistry ” 346 pp McGraw- 
Hill Book Co , Inc , 1921 Written at the request of the Committee on the 
Chemistry of Colloids A stimulating book, full of illuminating comments 
on the work leooided m the htcratuie Especially strong m treatment of 
adsoiption Eveiy colloid chemist should owm this book 

7 Freimdlich “ Kapillaichemie ” 691 pp Leipzig 1909 The great- 
est classic m the hteiature of colloids 

8 Wolfgang Ostwald “ Handbook of Colloid Chemistry ” Tianslated 
by Martin Fischer 284 pp P Blakiston’s Son & Co., Philadelphia, 1919 
Gives valuable refeionces to the liteiatme A translation of Ostv aid’s 
“ Giundriss der KoUoidchomie ” Second edition 

9 Bechhold “ Colloids m Biology and Medicine ” Translated by Bul- 
lowa from second Gorman edition 464 pp D Van Nostiand Co , New 
York City, 1919 A useful book, somewhat speciabzod as the title indicates, 
but valuable to any student of colloids Contains 40 pp on “ Methods of 
Colloidal Research,” includmg much of the authoi’s own work on 
ultiafiltration 

10 Taylor “ Colloids ” 327 pp Longmans, Gieen & Co , New York 
City Not very well arranged Contains some useful directions for the 
preparation of colloids Should be used only as a lefeience book on isolated 
points 

11 Burton “ Physical Propeities of Colloid Solutions ” 197 pp Long- 

mans, Gieen & Co , New York City, 1916. Contains a good bibliography. 
Rather physical in lieatment 
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12 TheSvedberg’ “HerslellungKolloiderLosungen ” 607 pp Theodoi 
Stemkopf, Dresden, 1909 A classic Gives fuU dncctions for preparing 
hundreds of colloids Contains a valuable bibliography 

13 Trivelli and Sheppard “ The Silver Biomide Grain of Photographic 
Emulsions ” 143 pages D Van Nostrand Co , New York City A splendid 
inoiiogiaph, the fiist of a senes 

14 Martin Fischer " CEdema and Nephiitis.” 3d ed 922 pp John 
Wiley & Sons, Inc , New York City, 1920 Outlines and defends a treatment 
of disease based on the piinciplcs of colloid chemistiy 

16 First, Second and Thud Reports on Colloid Chemistry and Its General 
and Industrial Applications, by the Biitish Association foi the Advancement of 
Science At 11 M Stationeiy Office, 128 Abmgdon St , London, S W 1 
Each leport (about 160 pp ) contains oliapteis on special fields by eminent 
authoiities Thoiough leviews, numeious refciences An invaluable colloid 
hbraiy Each icpoit costs 2/6d 

16 The Physics and Chcmistiy of Colloids (lepoit of a general discus- 
sion held by the Faiaday Society and the Physical Society of London, Oct 
1920) Gels aio discussed at length Published by IIis Majesty’s Stationeiy 
Office, London 

17 Maitin Fischer “ Soaps and Piotems ” 272 pp. John Wiley & 
Sons, New Yoik City, 1921 A study of soaps as solvated colloids Thou 
similaiity to piotems m many respects is pointed out foi the benefit of the 
physician Yet the commercial side of soap manufacture is not neglected 
A brilliant production 

18 Martin Fischer and Marian Hooker “ Fats and Fatty Degeneration ” 
146 pp John Wiley & Sons, Inc , Now York City, 1917 Theoiies of emul- 
sification discussed, especially in relation to body tissues 

19 U S Buxoau of Soils, Bulletin 62, “ Absorption by Soils ” 95 pp 
1908 Vciy useful 

20 U S Buieau of Sods, BuUotm 61, “ Absorption of Vapois and Gases 
by Soils ” 1908 

21 Ashley. “ Technical Control of the Colloidal Matter of Clays ” 

TJ S Buieau of Standaids, Technologic Paper 23 115 pp Wiitten in 1911 

22 Banoioft. “Applied Colloid Chemistiy.” Chem Met Eng, 23, 
454 (1920) A biief survey of the field 

23 W C McC Lewis “ Some Technical Applications of Capdlary and 
Electiocapillaiy Chemistiy,” Met Chem Eng, 16, 253-259 (1916), also 
Join Soo Chem Ind , May 31, 1916 Somewhat like the book by Alexander 
(No 2). 

24 Whitney and Ober Joui Am Chem See, 23, 866-863 (1901) 
Gives an excellent bibliogiaphy, with brief comment, of colloid work published 
before 1901 Nearly 150 references 

25 A MuUei; “ Bibliography of Colloid Chemistry,” Zeit anorg Chemie, 
39, 121 (1904) Tliree hundred and fifty-six references grouped by subjects, 
without comment 

26 Ilober “ PhysikaJische Chemie der Zdlo und Gewebe ” Wilhelm 
Bngelmann, Leipssig, 1911. 

27 Rideal and Taylor “ Catalysis in Theory and Practice ” The 
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Macmillan Co , New Yoik, 1919 Not piimarily a colloid book but conta'n& 
material of value to colloid chemists A new edition is piomisecl. 

28 Bancioft “ Research Problems hi Cojloid Chemistry,” No 13 
Reprint issued by the National Research Council Originally published m 
the Jour Ind Eng Chem , 13, 83, 153, 260 and 346 (1921) A list of 200 
colloid piobloms so well piescnted that the readei inevitably thmks of sevcial 
more Invaluable 

29 Alexandoi “ Some Practical Applications of Colloid Chemistry,” 
Joui Ind Eng Ch'om , 12, 434 (1920) 

30 Blcimnger " Ceramic Processes Associated with Colloid Phenomena,” 
Joui Ind Eng Chom , 12, 436 (1920) 

31 Sven Oden “ Der Kolloidc Sehwefel ” XJpsaln, 1913 An exhaustive 
study of the colloidal foims of sulfm J J van Bemmelen’s “ Die Absorp- 
tion,” -1911, IS a classic of a more general natuie 

32 Zsigmondy " Colloids and the Ultiamicrosoope ” English translation 
of “ Zui Erkentniss dei Kolloide ” (Jerome Alexander) Gives long quota- 
tions from the origmal papers of Giaham. 

33 Svedbeig "The Poiination of Colloids,” 127 pp J & A Chuiohill, 
London, 1921 The first of a senes of monographs to be wiitten by Svedborg 

34 Bingham "Fluichty and Plasticity," 440 pp McGraw-Hill Co, 
New York City, 1922 A splendid woik, presenting new views of some 
fundamental properties of cohoids. 

The Kolloid-Zcitschi'ift and Kolloidchemische Beihefte aie two 
journals devoted to colloid lesearch Very important 

The Journal of Physical Chcratstiy contains a vast amount of 
invaluable mateiial, and no student of colloid ehemistiy can afford 
to neglect this journal Many of the articles contain exceptionally 
full summaries of the work done in special fields, and are leally 
monographs The results of colloid research, however, are found 
in most of the great journals 

Since many chemists waste time and become diseom-aged by 
reading the wrong book first, we urge any one of the fiist four m 
the above list as the proper introduction to the subject These 
may be followed by 6, 15, 22 and the hooks on special topics 

Most books and articles on colloid-chemicals subjects are 
reviewed, abstracted or noted in the Kolloid Zeitschrift 

The various jomnals deahng with biological chemistry fre- 
quently contain excellent colloid material. 

The Decennial Index, and cm-rent mdiees, of the Chemical 
Abstracts are indispensable The leadei should look foi such 
topics as colloid, colloidal, glue, gel, gelatin, gum, albumin, 
adsorption, peptization, hydrosol, hydiogcl, sol, gel, jelly, emul- 
sion, coagulation, etc 
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